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The incidence and prevalence of stroke is increasing.
Stroke is the second leading cause of death worldwide
and the leading cause of adult disability. Treatment is
available for acute intervention and there is accumu-
lating evidence regarding prevention of complica-
tions, secondary prevention, and new approaches to
rehabilitation. The time is right to design processes
and infrastructure that will assure every stroke victim
the best possible outcome.

The purpose of this book is to provide insight and
information to physicians, nurses, therapists, and
administrators who are planning the programs neces-
sary to do this work, regardless of the size of the
hospital or available workforce. The evidence direct-

ing therapy for stroke is changing rapidly. The
recommendations for the management of stroke that
are included are based on current evidence and future
trends, but they will change as new data become avail-
able. The hope, however, is that the infrastructure and
processes described in this book are foundations that
will stand the test of time and assure standardization
of care in stroke centers while providing the flexibil-
ity to incorporate new therapies as evidence evolves.

Providing good outcomes to stroke victims is time-
dependent, labor intensive, and complicated.
Nevertheless, it is the responsibility of every health
care organization to have a plan in place to meet the
challenge when the patient arrives at the door.

ix

Preface
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The goal of the stroke center is to provide the best
possible outcome for every patient. An organized
approach to care can be achieved in every hospital, and
the first issue to address in planning is to determine
what level of care can be realistically provided.

The continuum of care for stroke can be divided
into three distinct phases, each requiring different
resources, personnel and infrastructure.

PHASE I: ACUTE STROKE TREATMENT

It is very likely that acute stroke treatment will always
be time-dependent, with the best outcomes resulting
from the earliest intervention. 

Options for acute stroke treatment fall into two
categories. The following examples have not all been
proven effective but are meant to be illustrative.

Non-invasive treatment requires no surgical or inter-
ventional access.
• Intravenous (IV) thrombolytics/thrombin 

inhibitors
• Neuroprotective agents
• Agents to prevent hematoma enlargement
• Hypothermia
• Ultrasound enhanced thrombolysis.

Invasive treatment requires interventional or surgical
access.
• Mechanical embolectomy
• Intra-arterial thrombolysis
• Aneurysm coiling or clipping
• Surgical clot removal.

Important questions to be addressed if acute stroke
intervention is one of the goals:
1. Is time-dependent acute stroke intervention going

to be offered 24/7?
2. Is non-invasive acute treatment going to be

provided? (Checklist 1)
3. Is invasive acute treatment going to be provided?

(Checklist 2)

If the answer to question no. 1 is NO and acute stroke
treatment is not going to be available or only available
during the day, then it is critical to have a plan for
rapid transfer or bypass for patients who present
within the treatment time window (Figure 1.1 and
Chapter 3).

1

1

Setting the goal for the stroke center

ACUTE STROKE TREATMENT AVAILABLE

NO YES

Part-time Full-time
24/7

Plan for rapid
transfer or bypass

Non-invasive
only

Invasive +
non-invasive

Transfer plan

Transfer planTransfer

On hours

O
ff h

ou
rs

Algorithm for acute stroke treatment

Figure 1.1 
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Checklist 1: Resources required for non-
invasive acute treatment

• Emergency department personnel trained to
triage and diagnose acute stroke

• Physician trained in acute stroke treatment avail-
able 24/7

• Neuroimaging available to be done and inter-
preted in 30–45 minutes

• STAT lab
• Pharmacy to mix drug or drug available in

Emergency Department
• Intensive care unit (ICU) or step-down unit for

patient admission
• Stroke care path/flowchart 
• Order set for stroke and for acute treatment

selected.

Checklist 2: Additional resources required
for invasive stroke treatment 

• Interventional radiology or surgical team ready in
30 minutes

• Endovascular surgeon or neurosurgeon available
24/7

• Properly equipped surgical or interventional
suite(s).

PHASE II: MEDICAL/SURGICAL
MANAGEMENT

There is conclusive evidence that stroke victims, even
those ineligible for acute intervention, who are
managed in an organized stroke center have better
outcomes and decreased mortality.1 Care paths, stand-
ing order sets, and highly trained nurses make up the
basic infrastructure that guarantees standardized care
in five areas. 

• Tight control of physiologic parameters (Chapter
6)

• Prevention of complications (Chapter 7)
• Diagnosis of the cause of the stroke (Chapter 8)
• Plan for secondary prevention (Chapter 8)
• Early rehabilitation (Chapter 9).

Should structural disease be diagnosed then surgical or
interventional repair should be considered (Chapter
8).

Checklist 3: Resources to achieve best
practice medical/surgical management of
stroke

• Physicians knowledgeable in the diagnosis and
management of stroke

• Stroke center nurses trained in neurological assess-
ment and competent to use specialized monitor-
ing equipment

• Staffing level to guarantee frequent neurological
assessments and blood pressure (BP) monitoring
by nurses

• Neuroimaging to include computed tomography
(CT), magnetic resonance imaging (MRI),
computerized tomographic angiography (CTA),
magnetic resonance angiography (MRA), cerebral
angiography

• Carotid artery imaging: ultrasound, CTA, MRA
• Echocardiography: 2D echo, transesophageal

echo with protocol for diagnosis of atrial septal
defect, patent foramen ovale (PFO), atrial septal
aneurysm (ASA)

• Care paths for ischemic and hemorrhagic stroke
and transient ischemic attack (TIA) to address
acute and subacute management, prevention of
complications, secondary prevention and early
rehabilitation (Appendix)

• Standing order sets for stroke, stroke intervention,
and TIA (Appendix)

• Designated stroke center beds.

PHASE III: REHABILITATION

It is clear that early access to rehabilitation specialists
improves outcomes and decreases length of stay on the
acute hospital unit. The goal would be to have evalua-
tions by physical, occupational, and speech therapy on
day 1 and initiation of plans for the next phase of
rehabilitation should it be needed.

Checklist 4: Rehabilitation services
available

• Physical therapy
• Occupational therapy
• Speech therapy
• Inpatient rehabilitation unit.

If the patient is transferred to the inpatient rehabilita-
tion unit, the care path from the stroke center can
coordinate with the care path on the rehabilitation unit.

THE STROKE CENTER HANDBOOK
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Once the analysis of the level of care that can be
realistically provided for the three phases of care is
complete, then the pertinent sections of this
handbook can be used to guide the stroke center’s
development. Ideally, hospitals capable of delivering
primary care will establish relationships with tertiary
care institutions to carry out the more sophisticated
and resource-intense interventions and evaluations.

In the US, the Brain Attack Coalition has published
Recommendations for the Components of a Primary
Stroke Center2 and of a Comprehensive Stroke
Center.3 

MAJOR COMPONENTS OF A PRIMARY
STROKE CENTER

Patient care areas:
• Acute stroke teams
• Written care protocols
• Emergency medical services
• Emergency department
• Stroke units in hospitals planning to admit stroke

patients
• Neurosurgical services.

Support services:
• Commitment and support of medical organiza-

tion; a stroke center  director
• Neuroimaging services
• Laboratory services
• Outcome and quality improvement activities
• Continuing medical education.

MAJOR COMPONENTS OF A
COMPREHENSIVE STROKE CENTER

Personnel with expertise in the following areas:
• Vascular neurology
• Vascular neurosurgery
• Advanced practice nurse
• Vascular surgery
• Diagnostic radiology/neuroradiology
• Interventional/endovascular physicians
• Critical care medicine
• Physical medicine and rehabilitation
• Rehabilitation therapy (physical, occupational,

speech therapy)
• Staff stroke nurse(s)
• Swallowing assessment.

Diagnostic techniques:
• MRI with diffusion 

• MRA/magnetic resonance venography (MRV)
• CTA
• Digital cerebral angiography
• Transcranial doppler (TCD)
• Carotid duplex ultrasound
• Transesophageal echocardiography (TEE).

Surgical and interventional therapies:
• Carotid endarterectomy
• Clipping of intracranial aneurysm 
• Placement of ventriculostomy
• Hematoma removal/draining
• Placement of intracranial pressure transducer
• Endovascular ablation of aneurysms/arteriovenous

malformations (AVMs)
• Intra-arterial reperfusion therapy
• Endovascular treatment of vasospasm.

Infrastructure:
• Stroke unit
• ICU
• Operating room staffed 24/7
• Interventional services coverage 24/7
• Stroke registry.

Educational/research programs:
• Community education
• Community prevention
• Professional education
• Patient education.

Leadership is critical to the successful integration of
these components into a finely tuned stroke treatment
system. The Brain Attack Coalition (BAC) recom-
mends there be a physician and nurse director for the
program and strong relationships with the Emergency
Department and emergency medical services (EMS)
providers.

The Joint Commission on the Accreditation of
Hospitals Organization (JCAHO) Disease Specific
Certification in Stroke is based on having the Primary
Stroke Center components in place as well as the
ability to monitor some or all of the following perfor-
mance measures:

• Deep vein thrombosis prophylaxis
• Discharged on antithrombotics
• Patients with atrial fibrillation receiving anticoagu-

lation therapy
• Tissue plasminogen activator considered
• Antithrombotic medication within 48 hours of

hospitalization
• Screen for dysphagia
• Stroke education

SETTING THE GOAL FOR THE STROKE CENTER

3
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• Smoking cessation
• A plan for rehabilitation was considered.

Once the planning team has determined the level of
service to be provided then setting yearly goals for the
stroke center helps focus energy and provides a basis
for measuring success. 

Categories of goals: 

• Performance measures 
– Clinical: case volume, mortality rate, disposi-

tion, length of stay, acute intervention rate,
complication rate

– Financial: product line contribution margin,
cost per case

– Patient and family satisfaction
• Educational programs and stroke screenings:

public, professional
• Research 
• Infrastructure and personnel
• Marketing.

Questions to consider while setting the
goal for the stroke center

1. What kind of stroke services will be provided?

2. What is the feasibility of success and acceptance of
the stroke program?

3. What are the opportunities and barriers?
4. Who will be the core team members? Who do we

already have and who do we need to recruit?
5. What will it take to get buy-in from key

constituents: neurologists, neurosurgeons, radiol-
ogists, administrators, primary care physicians,
board members?

6. Who should be on the planning team?
7. What will the budget be?
8. How will we communicate what we are doing?

REFERENCES

1. Collaborative systematic review of the randomised
trials of organised inpatient (stroke unit) care after
stroke. Stroke Unit Trialists’ Collaboration. BMJ
1997; 314: 1151–9.
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By the very nature of the disease, stroke care requires
coordination of multiple clinical services. This
chapter addresses the components of a comprehen-
sive stroke program that would include research and
education as well as the core clinical work. Smaller
centers can adapt this structure to their resources,
personnel and goals.

For the stroke center to be successful, it must have
strong leadership and be backed up by organizational
will. The strongest stroke centers are led by an
administrator committed to the success of the
program and a physician and nurse champion.
Taking excellent care of patients with strokes requires
cooperation from multiple hospital departments and
dedicated clinicians. An effective partner in adminis-
tration is important to the success of the clinicians.
It is also important to develop a written vision,
mission, and strategic/business plan for the stroke
center early in the process of organization and to gain
support for that vision and plan from the highest
levels of responsibility in the organization, the board

of trustees, and senior hospital administration. These
written documents will vary in complexity with the
size of the program, but even a basic plan serves as a
guide for the work of the stroke center. Yearly review
of the documents provides an opportunity to evalu-
ate progress and set goals for the future (Box 2.1). A
board member or committee of the board that serves
as a liaison from the stroke center leaders to the
board of the hospital and to the community can be
very important to the successful launch and mainte-
nance of the stroke program. 

THE PEOPLE

Core leadership team

Designating a medical director, nurse coordinator, and
administrator for the stroke program sets up lines of
responsibility for program development and clinical
quality. In the most basic programs these responsibil-
ities may be as simple as developing the policy and
mechanism for transfer of acute stroke patients to a
center capable of acute intervention and standards of
care for those patients not eligible for transfer. The
job descriptions that follow are typical for tertiary care
community hospital stroke centers, but can be easily
adapted to less complex programs or to academic
programs where there may be neurology residents or
stroke fellows.

Medical director

The medical director is often a neurologist, but this
is not a requirement. A physician with interest and
expertise in the care of stroke patients is all that is
needed. In larger programs this position is generally

5

2

Stroke center organization

Box 2.1 Stroke program

Stroke program vision: The stroke program will provide
the best possible outcome for every patient.

Stroke program mission: The mission of the stroke
program is to decrease the incidence and morbidity
from stroke in the region through clinical excellence,
research and education.

Stroke program plan:
1. Stroke team leadership and personnel
2. Stroke center location
3. Clinical tools
4. Budget
5. Policies
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financially compensated by the hospital based on the
time commitment. The role of the medical director
is to provide leadership in planning, clinical quality,
communication, research, and fund raising. The job
description may include:

• Develop vision, mission, and strategic plan for
the stroke center

• Set and review yearly goals (Chapter 1)
• Communicate information regarding the stroke

program to the hospital board, administration,
medical staff, laboratory, pharmacy, radiology
and emergency departments, marketing,
emergency medical service (EMS) providers, lay
community supporters, and outlying community
medical personnel

• Assure clinical quality by developing standard-
ized protocols and order sets as well as conduct-
ing regular case reviews

• Continually review current evidence regarding
stroke prevention, diagnosis, treatment, and
rehabilitation

• Lead development of stroke database and stroke
research program

• Review clinical and cost outcome data on a
regular basis

• Assist in development of educational programs
for professional staff and the community

• Develop philanthropic support for the stroke
program

• Publish in peer-reviewed journals and present
data at local and national meetings

• Write an annual report for the stroke program.

Nurse coordinator

The role of the nurse coordinator is essential regard-
less of the size or complexity of the stroke program.
In some programs this may be an advanced practice
nurse (APN) who can do independent patient assess-
ment and billing, but in most settings the nurse
coordinator is a hospital employee with expertise in
neuroscience. Depending on the size of the program,
the role of stroke team coordinator may be combined
with other related responsibilities. The nurse coordi-
nator works closely with the medical director and
shares responsibility for stroke center operations. The
job description may include:

• Set and review yearly goals for the stroke
program

• Lead development of care paths, protocols and
standing order sets for ischemic and hemorrhagic
stroke, transient ischemic attack (TIA), etc. and
update yearly based on current evidence

• Provide education for nurses in all locations of
the hospital who are taking care of patients with
strokes, including instruction aimed at NIH
Stroke Scale (NIHSS) certification (Appendix) 

• Review clinical quality using case reviews for
stroke center nurses

• Support entry of information into the stroke
database

• Support stroke clinical research 
• Provide education to EMS providers, emergency

room staff in referring hospitals, and members of
the community

• If trained to an APN level, provide first response
to acute stroke calls.

Stroke program administrator

In larger programs, the administrator for the stroke
center may be a full-time position. However, in many
hospitals this assignment may be combined with
other related responsibilities. Job description may
include:

• Strategically plan with the stroke team clinicians
to anticipate equipment and personnel needs

• Set and review yearly goals for the stroke
program

• Represent the stroke center at administrative and
budget meetings

• Build hospital processes that support the clinical
and research activities of the stroke team

• Provide space and supplies for the stroke team
• Supervise the members of the stroke team who

are hospital employees.

The three roles described above bridge the activities
of the stroke teams and the rest of the stroke program
operations (Figure 2.1).

The clinical team

The composition of the clinical team will vary
depending on what level of service is to be provided.
If all phases of clinical services for stroke are to be
offered, then it is ideal to have neurologists, neuro-
surgeons, interventional radiologists, emergency

THE STROKE CENTER HANDBOOK
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department (ED) staff, rehabilitation physicians,
nurses and therapists, stroke center nurses and
technical support staff in radiology, lab and pharmacy
represented on the team. Some members of this team
will need to be available 24/7. Programs may choose
to use hospitalists, intensivists, emergency medicine
or primary care physicians in the role of the stroke
neurologist. The ED, radiology, lab, and pharmacy
may find it beneficial to designate one person who is
the principal communication link to the stroke team.

The responsibilities of the clinical team are to take
excellent care of the patient to ensure the best possi-
ble outcome and to communicate with the family
and referring physicians. The members of the team
will change depending on where the patient is and
what care is being provided. For each of the follow-

ing phases of care a list of team members should be
developed:

• Acute intervention in the ED, radiology suite or
operating room

• Post intervention management in the intensive
care unit (ICU) or step down unit 

• Prevention of complications, evaluation of cause
of the stroke and plan for secondary prevention
in the acute care stroke center

• Rehabilitation in the rehabilitation department
or units.

The expertise of the nurses involved in the care of
stroke patients is one of the critical success factors for
an outstanding stroke program. Nurses in the ED,

STROKE CENTER ORGANIZATION

7

Stroke program committee of the
hospital board of directors
meets 1–2 times per year

Stroke clinical team

•  Neurologists
•  Neurosurgeons
•  Radiologists
•  ED staff
•  Rehabilitation staff
•  Stroke center nurses/staff
•  Technical staff
    •  Radiology
    •  Laboratory
    •  Pharmacy

Meets bi-monthly

Stroke program team

•  Data manager
•  Research coordinator
•  Administrative assistant
•  Neuroscience unit nurse manager
•  Rehabilitation services
•  Marketing
•  Human resources
•  Foundation

Meets monthly

Stroke program
core leadership team

Medical director
Nurse coordinator

Program administrator

Attends all of the meetings

Stroke teams: composition and communication

Figure 2.1
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ICU, and acute stroke center should have organized
stroke education and be certified to use the NIHSS
(Appendix).

Stroke program team

Additional team members can enrich and support the
activities of the stroke program. Some of these people
work primarily to support the stroke program and
some function in a liaison role to connect the stroke
team with other resources and departments of the
hospital.

Data manager

Tracking clinical and financial data is critically
important in operating an efficient and high-quality
stroke program. Administrative data may be used for
an overview of mortality, disposition, complications,
and costs. Using a stroke-specific database gives much
more detailed information and is useful for clinical
analyses, trending, benchmarking, and research.
Several commercial stroke databases are available or
one can be developed that is unique to the institu-
tion (Box 2.2). The nurse coordinator may be able
to manage the data, but most larger programs have
a dedicated position for this work. Job description
may include:

• Choose the most appropriate database or develop
one

• Enter data for all stroke admissions
• Determine what outcome measures will be

tracked: e.g. mortality, complications, disposi-
tion, 90-day function (mRankin)

• Develop process for obtaining 90-day outcome
data

• Coordinate with administrative and financial
datasets to avoid duplication of effort

• Produce regular reports tracking volume,
outcomes, and performance measures 

• Provide data to support clinical and research
operations.

Research coordinator

The opportunities for stroke centers to participate
in clinical research continue to grow. Clinical trials
can be successfully run in community hospitals as
well as academic centers, and are often a source of
excitement and pride for the team. The research
coordinator is generally a nurse experienced in the
care of stroke patients. A good clinical nurse can be
trained to understand the regulatory requirements
and other aspects of directing a research trial.
Formal courses are available for in-depth training
and some coordinators may choose to become
formally certified (Box 2.3). After the research
program is up and running, the salary for the
coordinator can be paid out of income from the
studies. In some programs, the nurse coordinator
for the stroke team may also be the research coordi-
nator. If the clinical trial involves acute stroke
management or intervention, then the question of
24/7 coverage has to be addressed. Job description
may include:

• Obtain training in all aspects of clinical research
• Submit research protocols to the Institutional

Review Board (IRB) and comply with all IRB
rules 

• Develop the research budget 
• Coordinate and train all participating depart-

ments and personnel 
• Develop standing order sets for trials
• Develop checklists of inclusion/exclusion criteria

to aid clinicians in enrolling appropriate subjects
• Consent and enroll subjects
• Submit timely case report forms 
• Meet with study monitors
• Attend investigator meetings.

THE STROKE CENTER HANDBOOK
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Box 2.2 Stroke Databases

Coverdell Registry, CDC
http://www.cdc.gov/cvh/stroke_registry.htm

Get With the Guidelines, ASA
http://
www.americanheart.org/presenter.jhtml?identifier=1165

The Stroke Group, Ethos II
http://www.thestrokegroup.com/

AMC Registry, Inc., The Stroke Registry
4900 Reed Road, Suite 128
Columbus, OH 43220-3164
614-457-9190 ext. 20

Stroke Sense Database
http://www.cceprograms.intranets.com

Stroke Trials Directory
http://www.strokecenter.org/
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Administrative assistant

Once the program grows, it is essential to budget for
a position to support the activities of the stroke team.

Liaison team members

• Neuroscience unit nurse manager. 
In most centers, the stroke nurse coordinator
does not function as the nurse manager for the

neuroscience unit. The stroke coordinator and
the nurse manager for the unit need to work very
closely to ensure clinical quality and maintenance
of the expertise of the nurses staffing the stroke
center.

• Rehabilitation services. 
It is productive to identify one person from the
rehabilitation department to be a member of the
stroke program team for the purposes of commu-
nication back to the therapists and nurses in the
rehabilitation department.

• Marketing. 
Internal and external marketing are very impor-
tant to the success of the stroke program. Having
a dedicated person from the marketing depart-
ment attached to the stroke program team is a
big asset. Telling the stories of patients who have
had good outcomes is a powerful marketing and
educational technique. Permission to tell the
story can be obtained while the patient is still in
the hospital.

• Human resources (HR). 
There will be personnel issues that impact the
stroke program and a liaison from HR familiar
with the stroke center is key to successful resolu-
tion of these issues.

• Foundation. 
A liaison to the hospital foundation, if there is
one, can be instrumental in helping raise funds
for research and education projects.

In larger programs, many people from multiple
departments are involved in the operations of the
stroke program, and most of these people are
managed through their own departments. However,
there are some positions in the program that logically
report to the stroke program administrator, as illus-
trated in the organizational chart (Figure 2.2).

MEETINGS

Planning

In the planning phase of the stroke center described
in Chapter 1, the medical director, nurse coordina-
tor, and administrator will constitute the core leader-
ship team, and will generally meet weekly. It is
important to have one meeting where everyone
potentially involved in the stroke program comes
together to ‘dream ... what does the best possible
stroke program for us look like?’. Once the scope of
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Box 2.3 Certification programs of the Association
of Clinical Research Professionals

The Association of Clinical Research Professionals
(ACRP) offers global certification programs as a formal
recognition of clinical research professionals for clinical
research coordinators (CRCs), clinical research
associates (CRAs), and clinical trial investigators (CTIs).
These certification examinations document the clinical
research professional’s knowledge and standards for
professional practice. Additionally, they grant industry
recognition for the clinical research professional. 

To qualify for the certification examination,
professionals must document a minimum of two years
of full-time or four years of part-time experience
enrolling subjects, conducting subject study visits, and
maintaining source documents. A detailed curriculum
vitae must include a description of the candidate’s roles
as a CRC. More information about the CCRC
certification can be obtained through the ACRP website
http://www.acrpnet.org/certification/fda/crc/index.html. 

Benefits of CCRC certification: 

• Certification is increasingly recognized by today’s
global clinical research industry.

• Study sites use certification for documentation to
sponsors and contract research organizations
(CROs) that the site is professionally managed.

• The largest investigator online databases include a
request for the study coordinator’s certificate
number.

• Certification assists the public, health care
professionals, and the industry itself by identifying
standards for professional practice. 

Training and professional development programs are
offered through many organizations:

• The FDA (Food and Drug Administration)
• Professional membership organizations such as the

Association of Clinical Research Professionals, the
Drug Information Association, Regulatory Affairs
Professional Society

• Private continuing education companies who
sponsor conferences, offer self-study training
packages, and develop training materials
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the program is determined, the planning team will
need to communicate with representatives from the
departments involved in the care of the stroke
patients. Achieving a balance between getting input
from key clinicians and technicians with minimal
disruption of their clinical activities is the challenge.
One way to approach this is to have the core team
concentrate on one department at a time. For
example, when the planning involves ED operations,
the core team can meet with the representatives from
the ED to discuss the pertinent issues. This same
process can occur with key physicians and personnel
in neurology, neurosurgery, pharmacy, lab, radiology,
rehabilitation services, marketing, etc. 

When there are overlapping issues – e.g. stocking
tissue plasminogen activator (tPA) in the ED – then
representatives from pharmacy and ED can both
meet with the core team. This process will protect
the time of the people in the various departments.
Only the core team will participate in all of the
meetings. It is very important to circle back and
make sure that the results of the planning are
communicated back to the entire department (e.g.
ED) for comments and suggestions. The core leader-
ship team functions as the communication hub,

getting input from all the departments and clinicians
and communicating back. 

Clinical operations

Meetings to discuss clinical operations are generally
already established in most hospitals. The neuro-
science department meetings and the morbidity and
mortality conferences, for example, can serve as a
forum for discussion of stroke center clinical issues,
difficult or interesting cases, and review of data
regarding complications, outcomes, and volumes.
These meetings will be attended by members of the
clinical team and core leadership team (Figure 2.1)
as well as the data manager. High-volume acute
stroke intervention centers find it useful to review all
of the interventional cases on a weekly basis. 

Stroke program operations

After the program is up and running it is useful to
have a monthly meeting of the key people involved
in the stroke program. The core leadership team

THE STROKE CENTER HANDBOOK

10

Hospital board
of directors

Hospital CEO

Hospital COO

Stroke program
administrator

Stroke program
committee of the

hospital board

Stroke program
medical director

Stroke center
nurse manager

Stroke center
nurses/SLH

Stroke research
coordinator

Stroke nurse
coordinator

Stroke data
manager

Stroke center
administrative

assistant

Figure 2.2
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(medical director, nurse coordinator, administrator)
plus the data manager, research coordinator(s) and
representatives from the nursing staff of the stroke
center, marketing, the hospital foundation, and
rehabilitation department might constitute the stroke
program operations team. Discussions regarding the
clinical, research, and educational activities and
reports from the data manager, marketing, and
foundation representative could be regular agenda
items. This team could be responsible for setting
yearly goals for the stroke program and evaluating
whether these are achieved. Stroke program clinicians
could look to this operations team to solve problems
they identify. The SWAT Team (see Appendix to this
chapter), organized to identify and manage in-hospi-
tal strokes, is an example of the operations team
devising a process to address an issue raised by a
concerned clinician. 

Board committee

If the stroke program has a committee of the board
of the hospital attached to it, then meeting with that
committee once or twice a year to report activities is
very important. 

THE PLACE

The complete spectrum of care for the stroke patient
is going to occur in multiple locations in the medical
center: ED, operating room, interventional radiology
suite, intensive care unit, step down unit,
medical/surgical hospital unit (stroke center), rehabil-
itation unit, and outpatient offices. The excellent
outcomes for stroke patients in dedicated units do
not depend on the physical space, but on the exper-
tise of the staff and the standardized protocols for
care. Nurses in all of the units need stroke education
and, ideally, NIHSS certification (Appendix).

Stroke center beds

Once the patient is ready to be cared for on a
medical/surgical unit, it is worthwhile to have a
specified place where stroke patients go. This could
be accomplished by simply designating some number
of beds on a given unit as the ‘stroke center beds.’
Even in large-volume centers, 8–10 beds are gener-
ally enough. This way, nursing expertise can be

achieved by training a core number of stroke center
nurses, and protocols and standing orders can be used
routinely. The patient to nurse ratio on this unit
should be no more than 4 or 5:1. If stroke patients
are scattered throughout the general units of the
hospital it is almost impossible to achieve the nursing
expertise and routine use of standardized tools.
Stroke center beds should always have cardiac
monitoring available, as unsuspected arrhythmias are
common in stroke victims. 

Stroke center work

• Prevent complications
– aspiration pneumonia
– DVT and PE
– UTI

• Determine the cause of the stroke with diagnos-
tic studies

• Address secondary prevention
• Institute early rehabilitation.

By concentrating the patients in one location, the
nurses become familiar with neurological evaluation
and the diagnostic workup for stroke. This knowl-
edge is helpful in communicating with families and
referring physicians and can potentially decrease
length of stay. For example, if the nurse is aware that
the physician would like to order an echocardiogram
if the carotid artery evaluation is unremarkable, this
could be accomplished without the physician having
to return to the unit. Both studies might be accom-
plished in one day.

It is important to have a sign identifying this part
of the unit as the stroke center. A poster size version
of the stroke clinical path can be hung on the wall.
It helps the staff as well as the patients and their
families know that something unique for the care of
stroke is going on in this place.

Note: In this era of shortage of hospital beds, it
must be clear that if the stroke center beds are not
occupied by stroke patients, then other patients can be
placed there. However, stroke patients take priority. 

Step down unit

A step down unit where staffing levels would be 3:1
(patients/nurse) is a very useful concept for the care
of stroke victims. Patients who have had acute stroke
intervention, carotid stenting or uncomplicated
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clipping of an aneurysm may not need ICU level care,
but need closer observation than in the stroke center,
where nurses are caring for five patients. The care in
the step down unit could include frequent neurolog-
ical assessment, careful blood pressure monitoring,
and intravenous (IV) drip therapy for blood pressure
and glucose control.

THE TOOLS 

The purpose of all of the tools is to standardize care
as much as possible: prevent complications, institute
early rehabilitation, perform appropriate diagnostic
studies, identify issues in secondary prevention,
assure that appropriate treatment is given, and
communicate effectively with patients, families, and
referring physicians.

Care paths

Stroke paths can be organized in days or phases
(Appendix). Ideally, the path is initiated in the ED
and carries through the ICU, stroke center and inter-
faces with a stroke rehabilitation care path. Usually,
the path is a tool used by nurses rather than physi-
cians and can be used as a nursing charting tool to
avoid double documentation. The path can also be
the source for documenting specific data elements
such as verification that stroke education and infor-
mation on smoking cessation were provided to the
patient. 

Paths for ischemic and hemorrhagic stroke may
differ from paths for subarachnoid hemorrhage and
TIA. Many centers develop ‘patient paths’ that track
the same information but in lay terminology for
patients and families. The paths should be reviewed
annually by the stroke team nurse coordinator to be
sure that they are based on current evidence. 

Standing order sets

If the care paths are for nurses, the correlating tools
for physicians are the standing order sets. Ideally, each
path has an associated order set. The first order on
stroke standing orders should be: ‘Initiate stroke care
path.’ This automatically sets into motion the
measures to prevent complications and initiate early
rehabilitation. There is sometimes resistance on the
part of physicians to use standing order sets. However,

no diagnostic test is done or medication given without
specific orders from the attending physician. Once
physicians become familiar with use of the order set,
they find it saves time. It is very important when
developing these orders to write a draft version and
ask the physicians who will be admitting patients with
strokes to make suggestions and changes. The physi-
cians should also be given the opportunity to review
the yearly updates to the order sets.

One technique to encourage the use of order sets
by physicians is to require any patient who is admit-
ted to a stroke center bed to be on the care path.
Empower the stroke center nurses and the unit secre-
tary to place the standing orders on the chart. If
physicians do not want to comply, the patient can be
admitted to another unit. When it becomes obvious
that the standardization of care for the stroke patient
ensures shorter length of stay and improved
outcomes, most physicians will agree to use the tools.
They must feel, however, that they have input into
the content. The medical director and nurse coordi-
nator can facilitate communication between the
attending physicians and the stroke center staff.

In addition to order sets addressing various types of
strokes and TIA, it is helpful to have standing orders
for blood pressure management, pre and post inter-
ventional procedures such as stenting, clipping and
thrombolysis, and pre and post surgical procedures. 

Protocols/flowcharts

Whenever the process of care is complex, developing
a protocol or flowchart can be very helpful in making
sure everything is done properly and that all the
providers of care are communicating accurate infor-
mation. One obvious example is the administration
of tPA for acute stroke. The example of an ED
flowchart shown in the Appendix puts all the perti-
nent information onto one page. Another example is
the tracking of the neurological status of the patient
over time. Most stroke centers do an NIHSS on
admission, at 24 hours, and at discharge. However,
more frequent evaluation of the neurological status of
the patient is often critical. The Neuro Frequent
Assessment Tool included in the Appendix developed
by the Saint Luke’s Hospital stroke team was so
successfully implemented in the stroke center that it
is now the tool used by all units in the hospital who
need to track the neurological status of the patient
such as the cardiovascular ICU and cardiac catheter-
ization labs. 
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Questions to consider

1. Will there be a dedicated stroke center location?
2. How many beds are required for the acute unit

and step down unit?
3. Who can admit patients to the unit?
4. What policies for use of care paths and order sets

will be in place on the unit?
5. What equipment is needed?
6. What will the staffing ratio be for each unit?
7. Who will train the nurses?
8. What care paths and order sets are needed?
9. Who will write the standardized tools?

10. What kind of neurological assessment will be
done on the unit and how often?

11. Will all the nurses be certified to use the NIHSS?
12. Who should be on the stroke program team?
13. How often should the team meet?
14. What outcome and performance measures will

be tracked?
15. What dataset will be used?

APPENDIX TO CHAPTER 2

The Stroke Watch Action Team (SWAT)

Hospitalized patients who suddenly develop symptoms
of stroke need rapid assessment to determine if any
intervention should be considered. The usual chain of
events whereby the nurse taking care of a patient calls
the house staff or attending physician can delay
immediate neurological evaluation, resulting in missed
opportunities for acute stroke treatment.

The Stroke Watch Action Team (SWAT) devel-
oped by the Saint Luke’s Stroke Center in 1996 is a
rapid response team specifically aimed at evaluating
people with sudden change in neurological status. It
takes advantage of the expertise of the stroke center
nurses who are all trained to use the NIHSS as a tool
for assessment.. 
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Figure A2.1 Stroke Watch Action Team (SWAT)

Rapid identification and treatment of in-hospital strokes
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Code SWAT (Figure A2.1)

• Patient develops sudden change in neurological
status

• Floor nurse caring for the patient needs assis-
tance in sorting out what is going on

• Floor nurse calls hospital operator to page a code
SWAT

• Floor nurse checks patient’s glucose level
• One of the stroke center nurses who is working

a regular shift is carrying the SWAT beeper
• Stroke center SWAT nurse turns over any work

anticipated in the next 20 minutes to a colleague
• SWAT nurse picks up a bag of equipment and

SWAT flowsheet (Figure A2.2) and goes to the
room of the patient in question
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Figure A2.2 (front of form)

Neurological Event
Date:                  Time of Noted Onset:                                    
Time of Previous Assessment with No Apparent Neurological Deficits:

PATIENT ASSESSMENT
MODIFIED NIH

STROKE  SCALE
∗∗∗∗  See the NIH Key

on back of form
Stroke

Symptoms Recommendations
CODE SWAT TIME:
BP LOC  0-3

PULSE LOC 0-2 QUESTIONS
RHYTHM
(Check one)

[  ] Irregular
[  ] Regular

LOC COMMANDS 0-2

MOTOR   ARMS 0-4 LARESP.

RA

MOTOR  LEGS  0-4 LLO2 Sat
RL

Blood  Glucose FACIAL PALSY  0-3
General Patient

Information
Total

[  ] Recent Surgery
Date:

[  ] Recent Invasive Procedure
Date:

[  ] Abdominal surgery
[  ] CV Surgery
[  ] Vascular surg/fem pop/ AAA

[  ] PTCA/PA [  ] Cardiac cath
[  ] A-gram     [  ] Other

[  ] Motor
[  ] Sensory
[  ] Language
[  ] Visual
[  ] Dysarthria
[  ] None
[  ] Other
___________

(Check ALL
that apply)

[  ] Neuro consult
[  ] CT Scan
[  ] Observation
[  ] Heparin Drip
[  ] ASA
[  ] tPA
[  ] Carotid Doppler
[  ] Arteriogram
[  ] MRI/MRA
[  ] Other
[  ] None

(Neurologist
Recommendations

for Treatment)

Reason for Admission/Diagnosis Additional Pertinent  Health History
[  ] Arrhythmia
[  ] CVA/TIA
[  ] HTN
[  ] CEA
[  ] CHF
[  ] CAD
[  ] Renal Failure

[  ] MI/Angina
[  ] DM
[  ] DVT/PE
[  ] Encephalopathy
[  ] Pneumonia
[  ] Other_______________

[  ] CVA/TIA
[  ] CAD
[  ] AFIB
[  ] HTN
[  ] DM
[  ] Carotid Disease
[  ] Hyperlipidemia

[  ] DVT/PE
[  ] CHF/Cardiomyopathy
[  ] COPD
[  ] Renal Disease
[  ] Abdominal Surgery
[  ] Other___________

(Call 531-4080, ask office or answering service to notify on call neurologist of Code SWAT)
[  ] Dr. Arkin  - 989-2203      [  ] Dr. Bettinger – 989-2198                  [  ] Dr. Boutwell – 989-2205
[  ] Dr. Rymer  - 989-2196    [  ] Dr. Schwartzman  -  989-7819         [  ] Dr. Weinstein -  989-2197

Time Neurologist Notified:_________________                 Code Swat Appropriate  [  ] YES   [  ] NO
Comments:____________________________________________________________________________

Patient Label Signature
RN Activating Code SWAT

SWAT RN
Original: Chart Copy: SWAT Satchel

Patient assessment and form to be completed by SWAT RN
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• SWAT nurse discusses situation with floor nurse
and gets a quick history: atrial fibrillation,
glucose, recent surgery or procedure, etc.

• SWAT nurse does an abbreviated NIHSS (Figure
A2.2)

• SWAT nurse pages neurologist on call with 911
after the page

• Parallel to these activities, the floor nurse has
notified the attending physician/house staff of
the course of events

• Neurologist answers page and discusses case with
SWAT nurse

• Neurologist makes recommendation: If the case
does sound like a possible stroke, the recom-
mendation is to obtain a CT scan

• The SWAT nurse then returns to the stroke center
• The floor nurse communicates the recommenda-

tion to the attending physician who generally
then orders the CT scan and, usually, a STAT
neurological consultation
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Figure A2.2 (back of form)

FREQUENT NEUROLOGICAL ASSESSMENT KEY

LOC (Level of Consciousness)
0 = Fully alert, immediately responsive to verbal stimuli; is able to cooperate completely.
1 = Drowsy; consciousness is slightly impaired; arouses when stimulated verbally or after shaking; responds appropriately.

If the patient scores either 2 or 3 in this section of the neuro check, proceed to the Glasgow Coma Scale

2 = Stuporous; aroused with difficulty, often painful stimuli must be applied; arousal usually incomplete; responds
inadequately; reverts to original state when not stimulated.

3 = Comatose; unresponsive to all stimuli or responds with reflex motor or autonomic effects.

LOC QUESTIONS
0 = Patient knows his age and the month (only initial answer is scored).
1 = Patient answers one question correctly.
2 = Patient unable to speak, to understand or answers incorrectly to both questions.

LOC COMMANDS
0 = Patient grips hand and closes/opens eyes to command.
1 = Patient does one correctly.
2 = Patient does neither correctly.

MOTOR: ARM (Right & Left)
The patient is examined with arms outstretched at 90° if sitting, or at 45° if lying down. Request full effort for 10 seconds. If
consciousness or comprehension is abnormal, cue patient by actively lifting arms into position as the request for effort is
verbally given.
0 = No drift (Limb holds at 90° if sitting, at 45° if lying down for full 10 seconds).
1 = Drift (Limb holds position, but drifts before 10 seconds; does not touch the bed).
2 = Some effort against gravity (Limb falls to the bed before the full 10 seconds)
3 = No effort against gravity (Limb falls, no effort against gravity, some voluntary movement observed).
4 = No movement.
U = Untestable due to amputation.

MOTOR: LEG (Right & Left)
While supine, the patient is asked to maintain the leg at 30° for five seconds. If consciousness or comprehension are
abnormal, cue patient by actively lifting leg into position while the request for effort is verbally given.
0 = No drift (Leg holds 30° for five seconds).
1 = Drift (Leg falls to intermediate position by the end of five seconds).
2 = Some effort against gravity (Leg falls to bed by five seconds).
3 = No effort against gravity (Leg falls to bed immediately, with no resistance to gravity, some voluntary movement observed).
4 = No movement.
U = Untestable due to amputation.

FACIAL PALSY
Ask the patient to show teeth, raise eyebrows, squeeze and shut eyes.
0 = Normal
1 = Minor
2 = Partial
3 = Complete
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• The CT scan is done on a STAT basis, and the
neurologist can make a recommendation as to
how to treat the patient.

Since its inception in 1996, there have been 40–70
SWAT calls per year. Initially, the stroke center nurses
were unsure of their skills in assessment and commu-
nication to the neurologists, but over time they have
proved to be very accurate. The floor nurses are very

satisfied that they now have a method to get an
immediate evaluation of their patients. Concerned
families are very satisfied with the quick response and
evaluation for intervention. Clearly, not all the calls are
actual strokes and not all of the strokes can be treated,
but the process has elevated the level of care and all
patients who are eligible receive treatment. Nurses,
physicians, and house staff new to the hospital are
educated about the services of the SWAT team.
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Organizing regional networks linking primary care
hospitals and physicians to comprehensive stroke
centers staffed and capable of providing the entire
spectrum of acute stroke intervention will be essen-
tial to substantially increase the number of stroke
victims who receive acute interventional therapy.

• Successful stroke intervention is time-dependent
• Stroke victims will most often go to or be taken

to the closest hospital
• Hospitals will have varying capability to render

acute stroke intervention.

One of the first steps in organizing a stroke center is
to determine the level of care that can be provided,
as discussed in Chapter 1. Once that decision is made
then a logical next step is to find out the capabilities
of other hospitals in the region and determine where
your center fits in the spectrum of services available
in these hospitals. The most likely pattern is that
there will be one or more comprehensive stroke
centers in the large urban center, surrounded by
hospitals capable of primary stroke care, surrounded
by hospitals that will be bypassed or will quickly
transfer all acute stroke victims. 

The most sophisticated treatments for stroke such
as embolectomy, intra-arterial thrombolysis or
aneurysm clipping and coiling require a neuro-inter-
ventional or neurosurgical team. This would mean
that both the hospitals capable of administering
intravenous (IV) thrombolytics and the hospitals
without that capability should be linked to a compre-
hensive stroke center to provide the best possible
outcome for each patient.

Some countries such as Canada and Germany have
already developed regional referral networks. In the
US, states including Florida, Massachusetts, New

York, Texas, Maryland, New Jersey, and New Mexico
are in various stages of organizing regional stroke
care. 

A well-established model exists in the Greater
Cincinnati/Northern Kentucky region, where the
acute stroke team has been available on-call 24 hours
per day and 7 days per week since 1988. Emergency
department (ED) physicians call the stroke pager
(immediately upon patient arrival and prior to receiv-
ing CT scan and laboratory results) and speak
directly to a stroke physician on-call, who immedi-
ately travels to that hospital if the patient may be an
acute treatment candidate. Many patients are treated
by the stroke team member at the hospital where
they presented. They are followed for 24 hours by the
acute stroke team, and the remainder of the hospi-
talization is handled by the local neurologist.
However, if after acute assessment, it is determined
that the patient requires the resources of a tertiary
care center, the stroke physician initiates transport of
the patient by helicopter or ambulance. Over 900
calls were fielded in 2004, with one-third of the cases
being evaluated in person. Almost half of those seen
in the EDs received acute stroke treatment.

LINKS IN THE CHAIN OF SUCCESSFUL
STROKE INTERVENTION

Public awareness

Many stroke victims do not experience pain and
because the brain is the affected organ they cannot
process what is happening. It is usually someone else
on the scene that recognizes the signs of stroke. It is
important for everyone, not just the ‘at risk popula-
tion’ to know the warning signs of stroke and to
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know that calling 911 is the best course of action.
Stroke center personnel are often the source of this
education within a community. In Cincinnati, the
stroke team developed a public awareness campaign
using the acronym FAST to be used in evaluating a
possible victim of stroke: F for face, A for arms, S for
speech, and T for time (Figure 3.1).

Emergency medical services (EMS)

EMS providers play a key role in the success of acute
stroke intervention. While on the scene, they can
determine the time of onset and perform a quick
neurological assessment such as the Cincinnati
Prehospital Stroke Scale (CPSS) or the Los Angeles
Prehospital Stroke Screen (LAPSS) (Appendix). They
are highly accurate in making a diagnosis of stroke
when using these tools. They can notify the hospital

of their impending arrival so that the ED can be
‘stroke ready.’

EMS are locally organized. In most communities,
stroke victims are taken to the closest hospital.
However, EMS crews are becoming very sophisticated
regarding stroke intervention, and some will direct
patients to the best hospitals for acute stroke care
when asked. Rural EMS providers who are familiar
with services provided by comprehensive stroke
centers (CSCs) may recommend that they do not stop
at the local hospital but transport by ambulance to a
place where the helicopter can take the patient
directly to the CSC. Some regions are formally
organizing the EMS transport of stroke victims using
both ambulances and helicopters.1,2 It is important for
stroke centers to become familiar with the local EMS
providers. Offer education about stroke if it is needed
and understand the policies that determine where
stroke victims are routed in your region.

Primary hospital evaluation

The ‘stroke ready’ primary hospital will either be able
to administer IV tissue plasminogen activator (tPA)
within one hour after arrival or will have a rapid
transfer protocol in place. Administering IV tPA
requires that the CT scan is done and interpreted,
the laboratory studies are complete, and the
pharmacy is available to mix the drug. A tPA check-
list is helpful to make sure that the patient is an
appropriate candidate. A flowsheet can be very
helpful. The example in the Appendix from the Saint
Luke’s Hospital Stroke Center has two possible paths.
If the patient presents within 2 hours of symptom
onset, then the primary hospital capable of adminis-
tering IV tPA can follow that pathway. If the patient
presents within 5 hours of symptom onset, there is
still an option for intra-arterial interventional treat-
ment and the transfer protocol should be instituted.
These times may be lengthened again with the
window of treatment for mechanical embolectomy
extending to 8 hours. Some ED physicians are
comfortable administering IV tPA with consultation
from a neurologist. If none is available to see the
patient, the consultation can be done by phone or
telemedicine.3 Many more patients could be treated
within the 3 hour time window for IV tPA if there
were a mechanism for quick access to a neurologist
at the stroke center hospital. After administration of
IV tPA the transfer protocol can still be carried out
if further intervention is indicated.
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Public awareness campaign using the acronym FAST. Produced by
the Heart Disease and Stroke Prevention and Control Program,
Massachusetts Department of Public Health, with funding from the
US Centers for Disease Control and Prevention.

Figure 3.1 
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There are many aspects of acute stroke care in
addition to whether or not thrombolysis should be
administered. These are discussed in Chapter 6 and
are also very important for the primary hospital to
consider.

Rapid communication and transport to
comprehensive stroke center

Stroke victims who present within 5–6 hours after
symptom onset may benefit from stroke intervention.
The primary hospital will benefit greatly by having a
relationship with a CSC. It is critical that the CSC
make communication and transport very efficient.
Some programs have a stroke pager that the primary
hospital can access directly. The Saint Luke’s system
has developed a very efficient transfer team. All refer-
ring physicians/hospitals can use one phone number
to transfer a patient or to speak to a stroke neurolo-
gist. The phone number accesses a trained triage nurse
who asks a series of questions regarding time of onset,
availability of CT scan, etc. The transfer nurse then
pages the neurologist on call with a 911 page. The
neurologist gets the information from the nurse and
calls the referring ED to discuss options, including
making a decision as to whether or not to give IV tPA
in the ED at the primary hospital. If the patient is to
be transferred, the stroke neurologist speaks to the
patient or family by phone to discuss what might
happen after transport and gets a cell phone number
so that further discussion can occur after the patient
arrives by ambulance or helicopter. The family always
arrives later by car, and that time interval is critical.
The neurologist then notifies the transfer team nurse
to alert the neuro-interventional team. Everyone is
ready to go once the patient arrives (Figure 3.2).

This discussion has focused on treatment for acute
ischemic stroke. With new time-dependent treat-
ments for hemorrhagic stroke such as using recom-
binant factor VII within 4 hours of onset,
regionalization of care becomes even more important.

A CASE STUDY:THE SAINT LUKE’S
HOSPITAL STROKE CENTER REGIONAL
NETWORK EXPERIENCE

Since opening in 1993, the Saint Luke’s Stroke
Center (SLSC) has developed a relationship with
many hospitals in the region. Stroke center physicians
and nurses provide on-site stroke education to the
staffs of these hospitals. A packet of information for
the EDs has been developed (Appendix):

• Current options for acute stroke intervention
• tPA dosing charts (e.g. 0.9 mg/kg or 0.6 mg/kg)
• Rapid transfer information
• ED flowsheet.

After the patient is treated at SLSC every effort is
made to get information on the outcome back to the
referring ED physicians and EMS crews. This
regional organization of care has resulted in a
20–30% stroke intervention rate. 

REGIONAL STROKE NETWORKS
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Regional stroke transfer

Stroke victim presents
to rural ED

TT nurse questions

•  Time of onset
•  CT results

•  tPA check list

911 page to neurologist
on-call with information
and ED phone number

Neurologist talks to ED

•  Discusses options with family
and gets cell phone number

•  Decision to give IV tPA
with ED doctor

•  Transfer plans

TT notifies:

•  Interventional radiology
•  Admissions

•  Neurologist of ETA

Call to SLH transfer
team (TT)

Figure 3.2 

Regional stroke transfer algorithm
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The results from 2004 are summarized in Table
3.1. The overall intervention rate was 28%, and 70%
of those cases were referred in from 1 of 47 referring
regional hospitals. Half of the referred cases received
IV tPA in the local hospital before transfer, the so-
called ‘drip and ship’ process. Mortality rates and
good outcomes as indicated by NIHSS of 0–5 at
discharge are similar in the patients who were trans-
ferred and those who presented primarily (no trans-
fer) to Saint Luke’s Hospital (SLH)4 (Figure 3.3).

If it had not been for the regional network, 43
patients would have been treated rather than 144. No
matter how sophisticated the level of care offered by
the CSC, the patients have to arrive in time. Regional
networks are critical to achieving the goal of increasing
the number of stroke victims who receive treatment.
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Table 3.1 Ischemic stroke intervention at Saint Luke’s
Hospital 2004

n %

Ischemic strokes 514
Stroke interventions* 144 28 (144/514)
Number of interventions 101 70 (101/144)

that were transfer cases
IV tPA before transfer 50 50 (50/101)
Not transferred 43 30 (43/144)

*IV tPA, IA tPA, IV + IA tPA, mechanical embolectomy ± tPA.
(IV, intravenous; tPA, tissue plasminogen activator; IA, intra-arterial).

No transfer (IV + IV/IA + IA)
n = 43

NIHSS 0 to 5 6 to 10 11 to 15 16 to 20 >20

Admission
%

Discharge
%

NIHSS 0 to 5 6 to 10 11 to 15 16 to 20 >20

All transfer
n = 101

Admission
%

Discharge
%

Expired

Expired

17.4 29 17.7 19.5

45.2 16.1 6.5 8.1

15.2 19 23.4 13.9

50 15.2 12 3.23.8 15.8

28.5

14.59.7
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Figure 3.3 
Comparison of outcomes: transfers vs
not transferred

ch03  20/7/06  8:54 am  Page 20



IMAGING FOR ACUTE ISCHEMIC
STROKE PRESENTING WITHIN THREE
HOURS

Immediate access to imaging is essential for deter-
mining if the stroke is hemorrhagic or ischemic and,
thereby, planning appropriate acute therapy. The only
necessary imaging modality for acute stroke treat-
ment is the noncontrast CT (NCCT) scan. It should
be available 24 hours per day and 7 days per week.
The CT scan should be performed within 25
minutes of arrival and, therefore, a technician must
be available promptly. In addition, interpretation
must be available within 45 minutes. In many
instances, the interpretation is done immediately by
the physician making the decision regarding the use
of thrombolytic therapy, i.e. the neurologist or
emergency department (ED) physician. The need for
rapid ED assessment and specific time goals are
discussed further in Chapter 5.

Newer imaging modalities under development for
emergent acute ischemic stroke evaluation include
additional CT-based, as well as MRI studies.
Advantages and disadvantages of each imaging
modality will be discussed. 

Emergent noncontrast CT scan

Key data provided by the NCCT scan that will influ-
ence emergent management of the stroke are:

• Ruling out intracranial hemorrhage (ICH) – the
only absolute contraindication for acute ischemic
stroke therapy

• Assessing for regions of clear hypodensity that
would lead the clinician to reconsider the

accuracy of reported stroke onset timing (Figure
4.1), as well as the possibility of a recent ischemic
stroke within the last 3 months (an absolute
exclusion criterion).

Other findings on NCCT include the observation of
a hyperdense artery (Figure 4.2), a sensitive but
nonspecific sign for a large artery occlusion that may

21
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Figure 4.1

Right middle cerebral artery distribution hypodensity
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influence the diagnosis. Early ischemic changes,
including loss of gray-white differentiation, sulcal
effacement, and basal ganglia obscuration, have been
quantified through a 10-point scoring system called
the Alberta Stroke Programme Early CT Score
(ASPECTS). In the NINDS trial, there was a trend
towards reduced mortality and increased benefit to
tPA (tissue plasminogen activator) with ASPECTS
>7.1 While potentially prognostically significant,
these changes have not been shown to predict hemor-
rhagic transformation after thrombolytic therapy
within three hours. Whether early ischemic changes
should influence therapeutic decisions remains to be
determined.

Additional CT-based imaging 

CT-based technology is easily accessible, relatively
rapid, and cost-effective. In addition to standard
NCCT, additional CT-based imaging using contrast-

enhanced CT sequences – the CT source images
(CT-SI) from which CT angiography (CTA) is
derived and CT perfusion (CTP) studies – could
provide valuable information. It remains to be seen,
however, whether they improve patient selection for
ischemic stroke therapy and, thereby, warrant delay
of treatment by approximately 30–35 minutes2

within the 3-hour time window. At this time, obtain-
ing this additional data is not routinely recom-
mended for patients who can be treated within 3
hours.

CT-SI and CT perfusion studies together may
offer the following:

• Quantitative maps of cerebral perfusion assessed
by parameters of mean transit time (MTT),
cerebral blood flow (CBF), and cerebral blood
volume (CBV)

• Low CBV, specifically, may estimate irreversible
ischemic injury (similar to DWI-MRI discussed
below) and predict poor outcome despite
recanalization3

• Identification of reversible ischemic tissue may be
determined (based on a decreased CBF, elevated
MTT, and normal or elevated CBV).

CTA may have a role in identifying subsets of
patients with large artery occlusions who should
receive intra-arterial (IA) therapeutic modalities in
addition to, or instead of, intravenous (IV) therapy.

MRI modalities

Emergent MR is likely to be less accessible than CT
imaging at most hospitals, but remains a promising
avenue for diagnosis and therapy selection. As with
CT perfusion studies, if the patient can be treated
within 3 hours of symptom onset, delaying therapy
by performing an MRI is not recommended.4

MR modalities offer the following key advantages
and disadvantages:

1. Diffusion-weighted imaging (DWI)
• High sensitivity and specificity for detecting

acute ischemia5

• Helpful for determining the timing of a
recent stroke (i.e. whether or not the stroke
occurred within the last 7–10 days) when
interpreted using apparent diffusion coeffi-
cient (ADC) maps, which are derived from
DWI data

THE STROKE CENTER HANDBOOK
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Hyperdense left middle cerebral artery (MCA)

ch04  20/7/06  8:54 am  Page 22



• May estimate irreversible ischemia, although
reversal of diffusion restriction can be
achieved in some patients with effective and
timely recanalization.

2. Perfusion-weighted imaging (PWI) 
• An estimate of perfusion status using MTT

and CBF parameters 
• Regions of brain tissue with normal DWI and

increased MTT or decreased CBF may repre-
sent regions of oligemia and reversible ischemia

• Potential role to assess response to revascular-
ization therapy. 

3. Gradient-echo (GRE)
• While more sensitive in detecting ICH, it

remains to be seen whether hemorrhages
present on GRE, but not head CT, are
relevant for acute treatment decision-making.
For example, studies regarding the risk of
increased post-revascularization ICH in the
setting of microbleeds have had mixed
results.4

4. MR angiography (MRA)
• As with CTA, MRA may identify subsets of

patients who should receive IA therapy in
addition to, or instead of, IV therapy.

IMAGING FOR ACUTE ISCHEMIC
STROKE PRESENTING BEYOND THREE
HOURS

Patients who cannot be treated within 3 hours of
symptom onset with IV tPA may still have salvage-
able brain tissue. A major goal in acute stroke
research is to determine a physiologic time window
in which brain tissue perfusion may be critically low,
but irreversible damage has not occurred. 

Possible strategies to assess the degree of mismatch
between irreversible ischemia and areas of critically
decreased blood flow include:

• CT–clinical mismatch (i.e. the discrepancy
between the apparent infarct size based on early
ischemic changes on NCCT, and the extent of
injury expected based on clinical examination)

• CT perfusion-based mismatch 
• MR-based diffusion–perfusion mismatch.

While intuitively compelling and used as a decision-
making tool in some specialized centers, the concept
of preservation of mismatched oligemic, ischemic
tissue remains to be proven. 

IMAGING FOR SECONDARY STROKE
PREVENTION

Internal carotid artery (ICA) evaluation

Assessing ICA stenosis: 

• Carotid ultrasound (CUS) is an excellent screen-
ing tool. It is reasonably sensitive and specific
(80–95% and 95–99% for ICA stenosis >70%;
100% sensitive and specific for occlusion), and
cost-effective.6

• MRA 3D time of flight (TOF) has a compara-
ble profile, but less specificity (90%) for ICA
stenosis. It is dependent on flow-related signal
changes and subject to velocity and turbulence
alterations rather than anatomic depictions of
luminal contrast. In other words, stenoses may be
overestimated. However, gadolinium-enhanced
MRA may improve specificity.7 When an MRI is
already being performed for other reasons,
addition of MRA is a logical screening method. 

• CTA is not generally used as a screening modal-
ity because it introduces the unnecessary risk of
contrast toxicity and is currently less estab-
lished. It is dependent on software reconstruc-
tion algorithms. However, at some centers, it is
used effectively with accuracy comparable to
MRA.8

• Digital subtraction angiography is not used for
screening, due to the risk of complications in
<1% of patients, unless there is another reason
for performing angiography. It is primarily used
when there are discrepancies between other
noninvasive methods. 

Identifying extracranial artery dissection:

• An MRI and MRA of the neck are warranted. A
dissection protocol, consisting of T1 axial, fat-
saturated MR images of the neck, should be
performed. This specific sequence allows an
intramural thrombus to be more easily visualized,
compared with other MR sequences. 

Intracranial stenosis evaluation

• CTA is reported to be highly sensitive and
specific for proximal intradural intracranial
stenoses. However, distal vasculature may be
difficult to visualize. 

IMAGING FOR DIAGNOSIS AND SELECTION OF THERAPY
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• Data comparing MRA and CTA are limited.
MRA, as with extracranial ICA assessment, has
comparable characteristics but may overestimate
stenoses. Gadolinium-enhancement may improve
upon this. 

• Transcranial doppler (TCD) can be used to assess
only the proximal vessels in the anterior circula-
tion and has variable accuracy in the posterior
circulation, limiting its utility in this setting.4
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The availability of treatment for acute stroke, in
addition to supportive care and rehabilitation, has
been a major driver in the efforts to organize and
standardize stroke care. Organized stroke centers will
provide the critical infrastructure to implement and
disseminate new therapies as they become available.
This chapter discusses some of the acute treatment
options that are currently being used or tested. 

ISCHEMIC STROKE

The basic challenge in ischemic stroke is to restore
blood flow to the brain before there is irreversible
tissue damage. The most effective therapies will likely
be a combination of pharmacologic and mechanical
means of restoring flow while protecting brain tissue. 

Intravenous tPA 

Thrombolytic revascularization with intravenous (IV)
tPA was the first proven, effective way to reverse
neurological deficit in acute ischemic stroke.1 For
every eight people treated with IV tPA, one additional
patient will have minimal or no disability. Moreover,
for every three treated, one additional patient will
have less disability.2 The benefit of tPA is seen in all
subtypes of ischemic strokes despite an increased risk
of symptomatic intracranial hemorrhage (ICH) of
6.6%, compared with 0.6% in placebo controls,
within 36 hours. This benefit of tPA administration
has been reproduced by community experience.3

Emergency departments (EDs) are often faced
with the challenge of administering IV tPA without
adequate neurological support. Ideally, a hospital
faced with an acute stroke treatment candidate would

have a relationship with a stroke specialist by phone,
video telemedicine, or in person to provide guidance
(Chapter 3). Without this support, the ED physician
is left with the option of developing skills to treat
with tPA independently, or triaging acute stroke
candidates to other hospitals, preferably before arrival
to their ED so that time is not lost. 

Timing: the earlier the better

Intravenous thrombolysis should be administered to
all eligible ischemic stroke patients within 3 hours of
stroke onset. Outcomes improve significantly with
faster treatment.4 A patient is 2.8 times more likely
to achieve minimal or no disability when treated
within 90 minutes of stroke onset, compared to 1.5
times more likely if treated at 91–180 minutes. Post
hoc analyses suggest benefit, although diminished,
beyond 3 hours from symptom onset. However,
treatment beyond 3 hours is not approved therapy
and should only be considered in carefully selected
cases (Chapter 4). 

Table 5.1 Odds ratio for favorable outcome (modified
Rankin scale 0–1) at 3 months after IV tPA

Time (min) Odds ratio (95% CI)

0–90 2.8 (1.8–4.5)
91–180 1.5 (1.1–2.1)

181–270 1.4 (1.1–1.9)
271–360 1.2 (0.9–1.5)

Rapid assessment goals

In order to increase the number of acute stroke
patients receiving treatment, goals for ED assess-
ments have been recommended as a guide. Patients
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should be treated with IV tPA within one hour of
presentation at the emergency department (i.e. door-
to-needle time). 

NINDS time recommendations5 are as follows:

1. A physician should evaluate a stroke patient
within 10 minutes of arrival at the ED doors

2. A physician with expertise in the management of
stroke should be available or notified within 15
minutes of patient arrival. Depending on the
protocol established this may be accomplished by
activating a stroke team

3. A CT scan of the head should begin within 25
minutes of arrival. The CT interpretation should
be obtained within 45 minutes of arrival. Many
centers are now sending patients directly to CT
imaging if they are medically stable. The patient
can then be brought back to the ED for the
remainder of the assessment while the images are
being processed

4. IV tPA treatment should be initiated within 60
minutes. But keep in mind that the earlier the
treatment, the better the outcome

5. The time from patient arrival at the ED to place-
ment in a monitored bed should not exceed 3 hours.

Pre-tPA evaluation

Good outcomes with IV tPA are dependent on
following the inclusion and exclusion criteria estab-
lished in the NINDS tPA trial.1 The most important
eligibility criteria are:

• Ischemic stroke causing disabling neurologic
deficit

• Time of onset <3 hours. IV tPA must be admin-
istered within 3 hours of onset of symptoms. The
time of onset is the last time the patient was
known to be normal. A patient who went to bed
at 11 pm and awakened with stroke symptoms at
6 pm is assumed to have onset 7 hours earlier
and therefore is NOT eligible for tPA

• CT head scan negative for blood. This is the only
absolute CT exclusion. If an area of clear
hypodensity is seen, it is important to recheck
the time of onset. If the hypodensity is present
within 3 hours, it is generally an indication of a
severe stroke. These cases carry a higher
incidence of hemorrhage but hypodensity is
NOT an absolute exclusion criterion

• Blood pressure ≤185/110 at the time of tPA
administration without aggressive antihyperten-

sive management. Options for treatment of
blood pressure include:
• Labetolol bolus of 10–20 mg over 1–2

minutes. If inadequate response within
10–20 minutes, may repeat with additional
bolus, using double the prior dose

• Nitropaste 1–2 inches.

See Chapter 6 for more extensive discussion of
BP management.

Additional exclusions:

• Intracranial or intraspinal surgery, serious head
trauma or previous stroke within the last 3
months

• History of intracranial hemorrhage
• Major surgery within the last 14 days
• Suspicion of subarachnoid hemorrhage on

pretreatment evaluation
• Arterial puncture at non-compressible site
• Active internal bleeding
• Intracranial neoplasm (except meningioma) or

arteriovenous malformation (AVM)
• Known bleeding disorder: platelets <100,000;

INR >1.7; elevated PTT

Relative exclusions:

• Rapidly resolving neurologic deficit. This exclu-
sion should be carefully evaluated and has caused
some confusion. Unless the rapid resolution is
resulting in a very minimal deficit, treatment
should still be considered

• Presumed pericarditis, including pericarditis after
acute myocardial infarction 

• Gastrointestinal (GI) or urinary tract hemor-
rhage within 21 days

• Seizure at onset
• Glucose <50 or >400 
• Frank hypodensity on CT (risk of hemorrhage

increases to 16%6)
• Pregnancy.

ED evaluation:

• Confirm diagnosis and onset time; perform
NIHSS

• Secure two IV lines avoiding glucose in solutions;
0.9% normal saline (NS) at 75–100 ml/h unless
contraindicated

• Nasal O2 if oxygen saturation <95%
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• Brain CT
• Stroke team activation
• Electrocardiogram
• Weigh patient or estimate weight
• Accucheck
• STAT laboratory tests

– serum electrolytes
– glucose
– creatinine
– complete blood count with platelets
– international normalized ratio (INR)
– activated partial prothrombin time (PTT)
– pregnancy test in selected patients

• Treat blood pressure to required level
• Discuss treatment options with family including

risks and benefits. No special consent is needed
for standard IV tPA therapy

• If Foley catheter is needed, insert prior to treat-
ment.

Glucose and platelet counts should be reviewed in all
patients. If there is no clinical history suggesting
coagulopathy, then tPA administration should not be
delayed waiting for the INR and PTT results.

This process can be greatly aided by an ischemic
stroke/tPA flowsheet or checklist in the ED
(Appendix).

IV tPA administration and dosing

While eligibility is being determined, tPA should be
prepared. If the patient is not ultimately eligible for
tPA, the cost of the tPA will be reimbursed by
Genentech as per the package insert. tPA should be
diluted 1:1 in sterile water or normal saline, and the
mixture should be gently swirled, but not agitated.
The approved dose is 0.9 mg/kg with 10% adminis-
tered as a bolus over 1–2 minutes, followed by a 60
minute infusion of the remainder. Some centers are
using 0.6 mg/kg with 15% administered as a bolus
and the rest over 30–40 minutes if the patient is
going to be considered for subsequent treatment with
an intra-arterial approach. Valuable time can be saved
if tPA can be kept in the ED.

Post tPA management

• Admit to an intensive care unit or a stroke unit
• Perform neurological assessments and blood

pressure checks every 15 minutes for the first 2
hours, every 30 minutes for the next 6 hours,

then every hour for the next 16 hours. Then
every 4 hours

• If the SBP >180 or DBP >105, recheck within
5 minutes. If it remains elevated, emergently
treat with antihypertensive medications (Chapter
6). 180/105 is the target BP after tPA adminis-
tration

• Evaluate for angioedema q 20 minutes × 4 start-
ing with infusion

• Provide maintenance rate of normal saline IV
fluid (with NO dextrose)

• Keep the patient’s head of bed flat if tolerated
• No anticoagulants or antiplatelet agents for 24

hours
• Maintain NPO until swallowing has been

adequately assessed
• If the patient develops severe headache, acute

hypertension, nausea, vomiting, drowsiness, or a
worsening of the neurological exam, discontinue
the infusion (if agent is still being administered)
and obtain a CT scan of brain on an emergent
basis

• Provide aggressive hyperglycemic control
(Chapter 6)

• Provide mechanical deep venous thrombosis
(DVT) prophylaxis

• Order a head CT for 24 ± 6 hours after the tPA
was administered.

Management of complications 

Angioedema:

• Incidence: estimated 1–2% of all tPA-treated
stroke7

• Common in patients taking ACE inhibitors
• Usually starts near end of tPA infusion
• No standard guidelines available for management

Greater Cincinnati/Northern Kentucky Stroke
Team Angiodema Protocol
a. Begin examining tongue 20 minutes before IV

tPA infusion is completed, and repeat several
times until 20 minutes after tPA infusion. Look
for any signs of unilateral or bilateral tongue
enlargement

b. If angioedema is suspected immediately:
1. Consider early discontinuation of tPA

infusion 
2. Benadryl 50 mg IV
3. Ranitidine 50 mg IV or famotidine 20 mg IV

c. If tongue continues to enlarge after a–b, give
Solumedrol 80–100 mg IV

ACUTE STROKE INTERVENTIONS
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d. If any further increase in angioedema:
1. Epinephrine 0.1% 0.3 ml SC or by nebulizer

0.5 ml 
2. Call ENT/anesthesiology/or appropriate in-

house service STAT for possible emergent
cricotomy/tracheostomy or fiberoptic nasotra-
cheal intubation if oral intubation is unsuc-
cessful (Figure 5.1).

Intracranial hemorrhage:

• Incidence: 6.6% of patients receiving IV tPA1

Modified NINDS ICH Management Protocol
a. Discontinue tPA infusion if still running
b. STAT CT head scan
c. STAT lab for type and cross, prothrombin

time, PTT, platelet count and fibrinogen level
d. Give 6 units of platelets and either 5–6 units

fresh frozen plasma or 6–8 units cryoprecip-
itate  containing factor VIII

e. Consult neurosurgery for consideration of
hematoma evacuation.

Intra-arterial tPA 

Randomized evidence has shown that patients may
benefit from intra-arterial (IA) thrombolytic admin-
istration, using recombinant pro-urokinase (r-pro-
UK), up to 6 hours from stroke.8 This therapy was
not FDA-approved due to concerns regarding
baseline group imbalances and r-pro-UK is not avail-
able commercially. Many centers are using tPA off
label for IA thrombolysis. This approach may be
considered in patients who arrive beyond 3 hours and
can be treated by 6 hours from stroke onset. IA
therapy is generally considered in patients with
NIHSS ≥10 presenting after 3 hours from stroke

onset, since these patients are likely to have a visual-
ized clot.9,10

Combination IV and IA tPA 

Another approach for patients with moderate to
severe strokes (NIHSS ≥10), administering low-dose
IV tPA (0.6 mg/kg) followed by IA therapy (up to
22 mg), has been evaluated in Phase I and II trials.
It is now being compared to standard IV tPA therapy
in a randomized, Phase III trial.11,12 This approach
allows for early initiation of revascularization therapy
while preparing for IA tPA, or device use. This lower
dose of IV tPA is often the preferred approach when
treatment is initiated by a referring hospital in the
‘drip and ship’ scenario described in Chapter 3. Some
centers, however, use full-dose (0.9 mg/kg) IV tPA
prior to IA therapy. 

Mechanical devices

The MERCI Retriever®, a nitinol coil retrieval
device evaluated in Phase I and II trials, is the first
FDA-approved device for use as a method for clot
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extraction in patients who are not tPA candidates or
who have failed IV tPA therapy (Figure 5.2).13 The
device may be an option for anticoagulated or
postoperative patients who are high risk for compli-
cations with tPA. In addition, large clots that are
particularly difficult to treat with tPA might be
debulked with the MERCI retriever, and followed by
IA tPA to complete revascularization. Data on this
approach are continuing to evolve.14

Another IA mechanical approach evaluated in
Phase I and II trials10 is the EKOS MicroLySUS
Catheter, which can administer tPA with concurrent
IA low-energy ultrasound. It has been FDA-approved
for delivery of IA contrast.

Both the EKOS and MERCI devices will be
further evaluated for clinical efficacy in future Phase
III, randomized trials. 

The use of transcranial Doppler ultrasound to
enhance the lytic activity of IV tPA is also a promis-
ing avenue based on Phase II trials.15

Neuroprotection

Despite disappointing early trials, neuroprotection
remains an area of great interest. If brain tissue could
be made more resistant to injury, then there might be
a longer window of opportunity for revascularization
and decreased functional deficit. It is likely that there
will be effective pharmacologic and mechanical neuro-
protection strategies, such as the use of hypothermia.

The future

There will be new pharmacologic agents and devices
for revascularization as well as effective neuroprotec-
tive strategies. These will only be successful in
making an impact on stroke morbidity and mortal-
ity if the infrastructure for rapid transport and treat-
ment is in place.

INTRACEREBRAL HEMORRHAGE

Except for removal of rapidly expanding life-threat-
ening hematomas such as in the cerebellum, there has
been no effective acute treatment for intracerebral
hemorrhage (ICH). That situation is likely to change
in the near future. It is well documented that ICH
expands in the first 24 hours.16 If that expansion
could be limited or eliminated, the morbidity from
ICH could be substantially reduced. Recombinant
factor VIIa showed promising Phase II results17 and

a larger, randomized, Phase III trial is in progress.
This will also be time-dependent therapy with
administration of the drug within 3–4 hours of
symptom onset. Success will be dependent on the
same organization of stroke care required for acute
ischemic stroke treatment. Chapter 6 addresses
general management of ICH. 

SUBARACHNOID HEMORRHAGE

Definitive treatment of the aneurysm underlying
SAH should generally be performed early.18

Neurosurgical clipping and endovascular coiling are
both options for securing a ruptured aneurysm:19,20

• Neurosurgical clipping
• Preferred method of treatment until recently
• High rate of efficacy (i.e. permanent occlu-

sion in >90%)
• Significant risk of morbidity and mortality

(5–15%)
• Endovascular coiling

• More recently established as an option21

• More likely to result in a favorable outcome21

• Possible lower rate of efficacy.9,21

In many cases, the two methods are complementary,
with one being better than the other for an individ-
ual circumstance. Both treatments should be carefully
considered by physicians with a multidisciplinary
perspective.19,22 Considerations include:

• The patient’s age and medical status
• Surgical accessibility of the aneurysm
• Vascular anatomy
• Aneurysmal and parent vessel morphology
• Characteristics of the hemorrhage.

When patients are equally good candidates for either
intervention, endovascular coiling is often the
preferred approach.
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All of the following physiologic parameters are very
important in the management of acute stroke.
Evidence regarding optimal management will
continue to evolve. A standardized approach using a
care path and standing orders is the best way to make
sure that all patients receive the best care. Each year,
the most current evidence should be reviewed and
the path and orders updated.

GLUCOSE CONTROL

Hyperglycemia predicts a worse outcome for stroke
victims. The tight glucose control (80–110) that has
been shown to benefit patients in the critical care
literature1 will likely translate to the stroke popula-
tion, although conclusive evidence is not available.
The 2003 recommendation by the American
Association of Clinical Endocrinologists (AACE) calls
for the upper limit of blood glucose for patients in
the intensive care unit (ICU) to be 110 mg/dl. The
Ischemic Stroke Pathway developed by NINDS
recommends a range of 70–120 mg/dl.2

Hyperglycemia may be an indication of previously
undiagnosed diabetes, but may also occur as a stress
response. HbA1C should be checked in patients with
hyperglycemia.

Management of glucose

• Normal saline instead of D5W1/2 NS should be
used for intravenous (IV) fluid replacement
unless there is a medical contraindication.

• If the initial glucose level is >150 mg/dl then
initiate an insulin drip protocol (Box 6.1)3 and
set a target glucose range (i.e. 80–110 mg/dl or
70–120 mg/dl).

31
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Issues in acute management

Box 6.1 Hyperglycemia treatment protocol3

1. Bedside blood glucose (BG) monitoring every hour
until the patient is within target range on two
consecutive readings, and then obtain BG every 2
hours. If the BG falls above or below the target
range, resume hourly readings

2. If initial BG >150 mg/dl, give IV regular insulin bolus.
Dose ____ units (dose 0.1 units/kg body weight)

3. Insulin drip: 125 units of regular insulin in 250 ml of
0.9% normal saline (1 ml of solution = 0.5 units of
insulin)

4. Target BG range on insulin drip ___ mg/dl to ____
mg/dl (suggested 80–110 for ICU patients)

5. For each BG value, recalculate drip rate and
disregard previous rate of infusion

6. Calculate insulin drip rate: (BG – 60) × _____
multiplier = units of insulin per hour (×2 to
determine ml per hour)

7. Typical starting multiplier 0.02, but varies by insulin
sensitivity
Adjusting multiplier:

BG > target range: increase multiplier by 0.01
BG within target range: no change in multiplier
BG < target range: decrease multiplier by 0.01

8. Treating hypoglycemia:
BG 60–80: give 50% dextrose in water using formula:
(100 – BG) × 0.3 = D50W IV push
BG < 60: give D50W using formula: (100 – BG) ×
0.3 = ml D50W IV 
Push and decrease insulin drip to 50% of current
infusion rate
Recheck BG in 30 minutes
BG > 80: decrease multiplier by 0.01 and then
return to step 5 formula
BG 60–80: Repeat step 8 with BG 60–80
BG < 60: notify physician and repeat step 8 with BG
< 60

9. Special considerations:
Tube feeding adjustments: notify physician to
determine adjustments of insulin for interruption of
feedings for traveling to or having procedures
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Note: There are devices in development that can be
implanted subcutaneously for real-time continuous
glucose monitoring. There are no data available yet
regarding their use in stroke victims.

TEMPERATURE CONTROL

Hyperthermia also predicts worse outcomes for
stroke victims. It has not yet been determined if
hypothermia is beneficial, but there are some data to
indicate that this might be the case.

Management of temperature

• Normothermia should be maintained using
acetaminophen. In the acute setting, delivery by
mouth may not be desirable, so rectal supposi-
tory or nasogastric tube are the preferred routes
of administration. This can be a standing order
in the acute stroke order set.

• If normothermia cannot be maintained with
acetaminophen, a cooling blanket may be used.

• If hyperthermia continues, a source of infection
should be evaluated and treated appropriately.

• Numerous systems that induce hypothermia are
in development and testing.4

OXYGEN SATURATION

Oxygen saturation should be maintained >95% with
the administration of O2 via nasal cannula.

CARDIAC TELEMETRY

Cardiac telemetry is indicated for all stroke victims
for 24–72 hours to detect arrhythmias. In patients
with atrial fibrillation, the telemetry can be used to
ensure adequate heart rate control.

HEAD OF THE BED

Ideally, patients with ischemic stroke and a perfusion
deficit should have the head of bed FLAT for at least
12 hours. Airway patency and risk of aspiration have
to be factored into this decision. After 12 hours, the
head of the bed can be raised to 30°. Frequent neuro-
logical assessment should be done after raising the

head of the bed. If any deterioration is noted, the bed
should be lowered to a flat position for at least 6 hours.
In patients with hemorrhagic stroke, the head of the
bed should be at 30° if there are any clinical or
radiographic signs of increased intracranial pressure.5

BLOOD PRESSURE CONTROL

Blood pressure (BP) management is, perhaps, the
most important of all the parameters. Target BP will
be different depending on the type of stroke, and
evidence will continue to evolve. This is an area
where the stroke team needs to review the literature
regularly so that targets can be revised based on new
information. The goal is to maintain maximum
cerebral perfusion while minimizing the risk of
hemorrhage or extension of hemorrhage. In compli-
cated cases where there is hypertensive encephalopa-
thy, acute myocardial infarction (MI), aortic
dissection, acute renal failure or hemorrhagic trans-
formation of ischemic stroke, target BPs will have to
be lower than the following recommendations.

• Ischemic stroke treated with thrombolysis. 
BP must be <185/110 prior to treatment with
tissue plasminogen activator (tPA) and be
maintained at <180/105 for 24 hours post tPA
therapy. This translates to a mean arterial pressure
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Box 6.2 Options for management of hypertension

• Labetolol 10–40 mg bolus over 1–2 minutes. Repeat
for two or three doses to target BP. Total dose
should not exceed 100 mg in one period of
treatment and should not exceed 300 mg per day.
Cautions: asthma, chronic obstructive pulmonary
disease (COPD), left ventricular (LV) failure, second
or third degree heart block, heart rate <50.

• Nicardipine drip 5 mg/h IV infusion. Increase by
2.5 mg/h every 5 minutes to a maximum of 15 mg/h
to achieve target BP. Cautions: LV failure, aortic
stenosis, cardiac ischemia.

• Nitroprusside 0.25–10 µg/kg/min. This is not
recommended unless control cannot be achieved
with other agents or the level of hypertension is
extreme. Cautions: elevated ICP, coronary artery
disease, renal insufficiency.

• Hydralazine 10–20 mg IV every 4–6 hours. Cautions:
ischemic heart disease, aortic dissection, mitral valve
disease.

• Enalaprilat 0.625–1.2 mg IV every 6 hours. Cautions:
acute MI, history of angioedema, renal insufficiency.
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of 130 (2 × diastolic + systolic divided by 3).
Protocols and agents for managing hypertension
are summarized in Box 6.2. It is just as impor-
tant to treat low BP to maintain perfusion
pressure. When clinical instability appears to be
due to hypotension, a target mean arterial
pressure (MAP) of 120–130 can be achieved with
fluid boluses and titrating a neosynephrine drip
at 0.5–3 µg/kg/ min. This should be used with
caution in patients with congestive heart failure,
coronary artery disease or renal insufficiency.

• Ischemic stroke not treated with thrombolysis. 
In the first 24 hours after acute stroke, hyper-
tension should not be treated unless SBP >220,
DBP 121–140 or MAP >130 on two consecu-
tive readings at least 5 minutes apart. Treatment
should be initiated with labetolol 10–20 mg IV
over 1–2 minutes or nicardipine 5 mg/h infusion
as initial dose, titrated to the target BP by
increasing 2.5 mg/h every 15 minutes to a
maximum of 15 mg/h. Patients with SBP >220
and DBP >140 should receive sodium nitro-
prusside 0.25–10 µg/kg/min via arterial line even
though it may aggravate or produce increased
intracranial pressure (ICP).6 In most cases, BP
will spontaneously decrease over the first 24
hours and a gradual decrease of 15% is desirable.
BP can then be gradually lowered to a normal
range when the perfusion deficit has cleared. This
can be assessed with a perfusion scan or assumed
to be the case in 5 days.

• Intracerebral hemorrhage. 
American Stroke Association Guidelines recom-
mend that BP be maintained below a MAP of
130 (180/105). If an ICP monitor is in place,
BP should be titrated to maintain cerebral perfu-
sion pressure >70 mmHg.7 If surgical evacuation
occurs, MAP of > 110 should be avoided in the
immediate postoperative period. If systolic
pressure falls to <90, neosynephrine or dopamine
drip should be instituted. The goal is to
minimize hematoma enlargement. Some centers
set a target MAP of <120.

• Subarachnoid hemorrhage (SAH). 
BP management after SAH is complex because
of the need to balance the risk of rebleeding with
the need to maintain perfusion pressure in
infarcted brain. In all cases, avoid SBP <100 for
21 days. Before repair of the aneurysm, SBP
should be ≤160. Should symptomatic vasospasm
occur, some evidence would support increasing

SBP to a maximum of 200–220.8 The specific
target BP and optimal agents for treatment after
SAH vary between centers and clinicians. Some
experts advocate not treating until MAP is >130,
while others aggressively maintain SBP at <140
to 160 mmHg.

ANTITHROMBOTICS IN ACUTE
ISCHEMIC STROKE

Despite their frequent use, there is no evidence that
antithrombotics are beneficial in the treatment of
acute ischemic stroke. This holds true even for
subcategories such as suspected cardioembolic stroke,
progressive hemispheric stroke, basilar thrombosis,
and carotid or vertebral artery dissections. Despite
the lack of evidence there are some situations in
which the use of anticoagulants might be considered
in the acute setting in patients with minor (small)
infarctions:

• High risk for deep vein thrombosis (DVT)
• Identified potential cardiac source of embolus

• Atrial fibrillation
• Mechanical heart valve
• Akinetic segment
• Mural thrombus
• Ejection fraction <25%
• Mitral stenosis
• Anterior wall MI within 2 weeks

• Extracranial carotid or vertebral dissection
• Intracranial venous thrombosis 
• Symptomatic high-grade carotid stenosis await-

ing emergency surgery.

The potential benefits would need to be weighed
against the possible risk of secondary hemorrhage. In
part, this risk depends on the size of the ischemic
infarction.9

Antithrombotics for secondary stroke prevention
are discussed in Chapter 8.

INTRACRANIAL PRESSURE

Patients with small to moderate-sized strokes usually
do not have significantly increased ICP. However,
multilobar hemispheric infarction and large brain-
stem or cerebellar infarctions or hemorrhages are at
risk for increased ICP and/or hydrocephalus.
Increased ICP carries a risk of cerebral herniation.
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ICP pressure generally peaks at 72 hours after a
stroke.10

Signs of increased ICP are:

• Change in level of consciousness (LOC) 
• Agitation
• Pupillary changes such as unilateral dilation
• Change in respiratory pattern
• Increased BP
• Decreased pulse rate
• Decerebrate posturing.

In hemorrhagic stroke, an ICP monitor should be
placed in patients with a Glasgow Coma Scale (GCS)
<9 or in patients who are clinically deteriorating. A
ventricular drain should be placed if hydrocephalus
is present. The target ICP is <20 mmHg for all
patients.

If ICP is increased, hypo-osmolar IV fluids such
as D5W should be avoided. Other treatment modal-
ities include:3

• Head of bed raised 30–45° to promote venous
drainage.

• Treat fever with acetaminophen or cooling
blankets to reduce metabolic demand.

• Treat agitation or cough with one of the follow-
ing:
• Propofol 1 mg/kg followed by 1–3 mg/kg/h
• Morphine 1–2 mg IV as needed
• Fentanyl: loading dose 50–150 µg; mainte-

nance 30–100 µg/h.
• Mannitol 20% 0.25–0.5 g/kg every 4 hours.

Serum osmolality should be measured every 6
hours and dose adjusted with target osmolality of
≤310 mOsm/L. Mannitol should be discontin-
ued if serum sodium is >148. Treatment should
not exceed 5 days and therapy should be weaned
gradually to avoid rebound.

• Hyperventilate to pCO2 of 35–30 mmHg by
increasing respiratory rate to 18–20. Hyper-
ventilation should not be maintained for more
than 6 hours. Taper gradually to normal pCO2

over 24 hours.
• Neuromuscular paralysis with sedation in

patients with high ICP or those who are
‘bucking’ the ventilator. Vecuronium 0.02 mg/kg
loading dose with infusion rate of 1 µg/kg/min.

• Moderate hypothermia (32–33°C) using cooling
blankets or ice packs.

• Barbiturate coma: pentobarbital is the most
frequently used agent.

In large hemispheric or cerebellar hemorrhagic
strokes, emergent neurosurgical consultation should
be obtained for possible decompression. In large
hemispheric ischemic strokes at risk for herniation,
hemicraniectomy can be considered. 

Herniation can occur very rapidly. It is important
to discuss treatment options with the family before the
emergent situation arises. In light of a devastating
stroke, sometimes the family declines intubation and
invasive treatment based on the known wishes of the
patient. This decision needs to be made ahead of time.

SPECIFIC ISSUES IN SUBARACHNOID
HEMORRHAGE

Complications after rupture:

• Cardiac abnormalities: dysrhythmias, T wave
inversion, prolonged QT interval, ST elevation

• Rebleeding (highest risk in the first 7–10 days).
Early intervention with clipping or coiling may
prevent rebleeding. If intervention is delayed,
aminocaproic acid is used to prevent clot disso-
lution

• Hydrocephalus occurs in 20% of patients within
24 hours and may require ventriculostomy

• Seizures
• Vasospasm leading to infarction can occur 3–14

days after rupture. Volume expansion with triple
H therapy (hypervolemia, hemodilution, and
hypertension), albumin or plasma protein
fraction increases cerebral perfusion. Nimodipine
(calcium channel blocker) at 60 mg every 4
hours by mouth or by nasogastric tube is used to
prevent vasospasm. Nimodipine should be
continued for 3 weeks. Other more aggressive
therapies include angioplasty and the use of
papaverine. The diameter of the vasospastic
blood vessel is increased with papaverine but the
effect lasts less than 24 hours and there may be
a toxic effect on the brain distal to the site of
infusion. Angioplasty has a longer treatment
effect, but vessel rupture is a potential complica-
tion. Verapamil can be injected into smaller
vessels affected by vasospasm. 

TRANSIENT ISCHEMIC ATTACKS

The definition of a transient ischemic attack (TIA) is
in evolution. While the established definition is a
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transient neurological deficit lasting less than 24
hours, common experience is that most TIAs are very
short. In addition, diffusion-weighted magnetic
resonance (MR) images are often positive in people
with TIAs. The border between TIA and mild stroke
continues to blur. Both should be treated as an
opportunity to prevent a larger stroke from occur-
ring. The diagnostic evaluation of a TIA is the same
as for stroke. How emergent should the evaluation
be?

• 25–30% of strokes are preceded by TIAs
• After a TIA, there is a 10% chance of stroke in

the next 90 days
• One-half of the strokes that occur in 90 days

occur in the first 2 days following the event. 

Clinical markers indicating higher risk

• Age > 60 years
• Diabetes
• TIA lasting longer than 10 minutes
• Weakness persisting after other symptoms have

resolved.

Evaluation for the cause of the TIA should be accom-
plished expeditiously, given that the highest risk of
stroke is in the first hours to weeks after the event.
Carotid artery imaging to rule out high-grade steno-
sis should be a priority. Patients with recent
symptoms of TIA or minor stroke should be hospi-
talized for rapid investigation of the cause. At the
Saint Luke’s Hospital Stroke Center, the average
length of stay for TIA is 1.8 days. 
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Stroke centers provide organized, standardized care
that results in better outcomes even when no acute
therapy is rendered. Decreasing the occurrence of
secondary complications through the use of clinical
pathways and order sets is a major factor contribut-
ing to the improved outcomes.

There are several complications associated with
stroke. These include increased intracerebral pressure
with the risk of herniation (Chapter 6), aspiration
pneumonia, pulmonary embolism, deep venous
thrombosis (DVT), urinary tract infection, malnutri-
tion, bowel and bladder dysfunction, joint abnor-
malities, seizures, and decubitus ulcers.1 A
geographically designated area to care for stroke
patients with trained health care providers ensures
coordinated delivery of care and enhances communi-
cation among the team of caregivers. This is the
optimal setting in which to prevent secondary
complications.2,3

SEIZURES 

Seizures are reported to occur after stroke in 4–43%
of cases, and are more often associated with large
cortical or lobar strokes.4 Seizures may occur at onset
or develop as soon as 24 hours after stroke and
20–80% of these patients have recurrent seizures.
The most common type is a simple partial seizure
with or without generalization. Stroke patients
should only be given anticonvulsants if a seizure
occurs. There is no indication for prophylactic
therapy. Patients and families should be educated that
seizures may occur after a stroke. 

INFECTIONS

Pneumonia and urinary tract infections are frequent
complications of stroke and are a common cause of
increased hospital stays and delayed rehabilitation.
Infection should be suspected if the patient develops
fever or a change in the level of consciousness (LOC). 

Pneumonia

The most common cause of death in the first 48
hours following acute stroke is pneumonia, often
related to aspiration. Pneumonia accounts for
15–25% of stroke mortalities. 

Increased incidence of pneumonia occurs with:1

• Dysphagia – higher incidence with facial palsy
and decreased LOC

• Immobility and the development of atelectasis
• Mechanical ventilation
• Brainstem strokes
• More than one infarcted territory.

Care strategies to decrease development of pneumonia:

• Nothing by mouth (NPO) until formal swallow-
ing evaluation to assess risk of aspiration. If a
speech therapist is not available, a bedside
swallowing test can be done by giving the patient
3 oz of water and observing for cough, dyspho-
nia lasting 1 minute, respiratory difficulty, or
drooling. If the swallowing test is failed, place an
enteral feeding tube
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• Monitor airway and oxygenation and use
mechanical ventilation if indicated. Hypoxia may
be due to concurrent medical conditions such as
hypoventilation, atelectasis, aspiration, pneumo-
nia, or pulmonary embolism

• Minimize time on mechanical ventilation;
frequent suctioning

• Early mobilization
• Good pulmonary toilet 
• Position in semi-recumbent position when

feeding with a nasogastric tube or percutaneous
endoscopic gastrostomy (PEG) tube 

• Consult a speech pathologist and dietician to
establish feeding plan and safety measures to
decrease aspiration risk

• Education of patient and family regarding the
risk of aspiration and the importance of follow-
ing the established feeding plan and safety
measures (Box 7.1).

Urinary tract infection

Urinary tract infection (UTI) develops in approxi-
mately 16% of stroke patients. Indwelling bladder
catheters may be necessary in the acute phase to
accurately monitor output. Catheters are also
commonly placed in patients with decreased LOC or
severe immobility. Changes in sphincter control and
the use of indwelling catheters increase the risk of
UTI. Catheters should be removed as soon as the
patient is medically and neurologically stable to
prevent iatrogenic infection. Intermittent catheteriza-
tion or acidification of the urine may lessen the risk
of UTI. Urinalysis cultures should be obtained to
detect UTI in the presence of fever or change in LOC
and proper antibiotic treatment should be initiated.5

Indwelling catheters should not be used as the
treatment for incontinence that occurs in 30–60% of
patients during the early period of recovery.6 A
bladder program should be implemented to retrain
the bladder. Preventing the bladder from filling
beyond 500 ml will stimulate normal physiological
filling and bladder empting. A bladder scanner must
be used to assess post-void residuals (PVR) and deter-
mine the need for intermittent catheterization. Two
or more PVRs of >150 ml have been found to be an
independent risk factor for UTI. Urinary inconti-
nence is associated with poor prognosis, interferes
with rehabilitation, and is the major factor in patients
being discharged to nursing homes rather than to
their home.

CONSTIPATION

Constipation is a common problem following acute
stroke and is most often forgotten by the health care
team (Box 7.2).7,8

NUTRITIONAL COMPROMISE

Malnutrition has been proven to interfere with recov-
ery after a stroke.9 A swallow assessment should be
done as soon as possible after admission to the hospi-
tal and no later than 48 hours after admission.
Nutrition should be established within 48–72 hours.
Feeding through a nasogastric tube may be used
initially but if dysphagia is expected to continue
beyond 6–8 weeks, early gastrostomy should be
considered.10 If no dysphagia or aspiration risk is
detected, oral feeding should be instituted immedi-
ately. Dysphagia resolves completely in 87% of all
stroke patients. Feeding should begin as soon as
possible after the patient has been cleared for risk of
aspiration. Serum albumin is a poor indicator of
immediate nutritional state since it has a half-life of
18 days. The dietician should be consulted early for
an evaluation of nutritional status and need.
Malnutrition should be prevented as it impairs the
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Box 7.1 Dysphagia detection and aspiration
prevention

Pre-printed admission order sets that include ‘swallow
assessment before any oral intake’ and provide further
direction for those patients demonstrating a dysphagia
risk. 

• Maintain NPO status. No ice chips; no oral
medications; no water; and no exceptions!

• Speech language pathologist (SLP) evaluation formally
with appropriate diagnostic tool 

• Follow (SLP) recommended compensatory techniques
such as: 
• Chin tuck maneuver
• Head and neck positioning 
• Change the consistency of food – thickened

liquids, pureed, semi-solid foods
• Minimize distractions in environment when feeding
• No use of straws
• High Fowler’s position, leave sitting up for 30

minutes
• Place food on the unaffected side (instruct

patient/care provider)
• Present small portions; provide time to chew and

swallow
• Evaluate for pocketing of food 
• Initiate mouth care to facilitate swallowing
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immune system and increases weakness, length of
stay, and mortality.11

DEEP VEIN THROMBOSIS AND
PULMONARY EMBOLISM

Early mobility can decrease the incidence of pulmonary
embolism (PE), atelactasis, pneumonia, and deep vein

thrombosis (DVT). Patients should be mobilized as
soon as they are hemodynamically stable. During the
first 30 days, 51% of deaths are related to complica-
tions associated with immobility. The most common
complication of immobility is DVT. Stroke patients
with a paretic or paralyzed lower extremity have the
highest risk of DVT. DVT prevalence in stroke patients
ranges from 20 to 50%. Death related to pulmonary
embolus occurs in 10% of stroke patients.

DVT risk stratification can be used to guide treat-
ment (Table 7.1). Early mobilization is the most
effective preventative strategy. Other strategies
include:12

1. Thromboembolic stockings (TEDs)
2. Pneumatic compression devices
3. Unfractionated heparin 5000 units twice daily

subcutaneously
4. Enoxaparin (Lovenox) 40–80 mg subcutaneously

once daily.

MUSCULOSKELETAL COMPLICATIONS

The rehabilitation team should be consulted on
admission to instruct the care team in how to
perform passive and active range of motion and
positioning techniques that can prevent joint
contractures and atrophy.13 Subluxation of the
affected shoulder is very common and may not be
preventable. However, careful positioning and
movement of the affected arm may prevent the devel-
opment of a painful shoulder-hand syndrome.
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Box 7.2 Bladder and bowel training 

The program should include:
1. Bladder scanning and intermittent catheterization

every 4–6 hours; continue intermittent
catheterization as long as post-void residual (PVR) is
> 100

2. Initiate voiding strategies
a. Offering a commode, bedpan, or urinal every 2

hours during waking hours and every 4 hours at
night. Neurological deficits lead to frequent falls
when patients try to ambulate to the bathroom

b. Assist patients with toileting when impaired
vision, mobility, and dexterity are present

3. Communication boards to aphasic patients to provide
quick request

4. Monitor fluid intake during the evening prior to bed
5. Evaluate for abdominal distension 
6. Evaluate for impaction every 2 days
7. Integrate stool softeners, laxative, and enemas to

prevent constipation 
8. Skin care to decrease incidence of skin breakdown,

dermatitis, or perineal thrush
9. Address psychosocial problems and decreased self-

esteem associated with bowel and bladder
dysfunction

Table 7.1 Deep venous thrombosis prevention through stratification 

Category Definition Recommendation 

Low risk Ambulatory within 24 hours of admission Encourage ambulation
No lower extremity motor deficits

Moderate risk Non-ambulatory within 24 hours for any reason Venodynes (SCDs) and heparin 5000 u SQ BID
Mild lower extremity motor deficits

High risk Patients with co-morbid conditions: Venodynes (SCDs) and heparin 5000 u SQ TID
Morbid obesity (BMI > 30) Or IVC filter placement
CHF (NYHA III and IV)
Prior DVT or PE
Postpartum
Postoperative (within 1 week)
Cancer (active, solid organ)
Antiphospholipid antibody syndrome
History of cerebral venous thrombosis

BMI, body mass index; CHF, congestive heart failure; DVT, deep vein thrombosis; IVC, inferior vena cava; PE, pulmonary embolism; SCD,
sequential compression device; SQ, subcutaneous.
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Special care should be taken to avoid pulling on the
affected arm and shoulder when repositioning the
patient in bed or when assisting with transfers.14

FALLS

Falls are the most frequent cause of injury in stroke
patients. Nurses must monitor the initial transfer
from bed to upright position and checking lying and
sitting blood pressure can give valuable information
that will decrease the risk of falling on transfers. The
most common injury is hip fracture. Hip fractures in
the first 7 days post stroke are associated with a poor
prognosis.15 Most fractures occur at the time of the
fall and are on the paretic side.16 Neglect, which is
typically seen with right hemispheric infarcts, leads
to a higher risk of falling.

Stroke team nurses must implement a fall preven-
tion program that includes:

• Identification of high-risk patients 
• Alarm systems
• Adaptive equipment such as wedge seat cushions

or enclosure beds
• Call buttons and patient’s belongings should be

close to the patient
• Scheduled voiding times; many falls occur as the

patient is trying to go to the bathroom
• A sitter in the patient’s room may be required to

provide the necessary safety.15

All of the health care providers and the family should
be made aware of the fall prevention plan.

SKIN BREAKDOWN

Stroke patients are at risk for skin breakdown because
of the loss of sensation and impaired circulation.
Patients at risk for pressure ulcers are usually older,
have a decreased LOC, and are unable to move
themselves in bed due to paralysis. Other related
complications such as incontinence can accelerate the
development of skin breakdown. Pressure areas
include heels, sacrum, and lateral malleoli. 

Strategies to prevent skin breakdown:

• Patients should be examined for pressure points
and massaged when turned

• Patients should not be left in a position for
longer than 2 hours

• Patient’s skin must be kept clean and dry
• Special mattresses should be used to prevent the

development of decubiti
• Special care should be taken when repositioning,

turning, or transferring patients to avoid exces-
sive friction or excessive pressure that may lead
to skin injury.14

DISCHARGE PLANNING

The goal of discharge planning is to ensure safe
transition from the acute setting to an appropriate
setting where the patient can obtain optimal rehabil-
itation and further secondary stroke prevention.
Continuing attention to the prevention of the
complications discussed above is essential to assuring
the best possible outcome. For patients with contin-
ued immobility, it is very important to continue
DVT, UTI, pneumonia, and skin breakdown
prophylaxis and to continue a fall prevention
program. Communication of the plan implemented
in the acute care setting should be provided to the
extended care facility at the time of discharge.

According to the National Institute of Neurological
Disorders and Stroke, 35% of stroke survivors will
recover fully or only have minor impairments.
However, 40% will require special care and a skilled
nursing facility will be necessary for 10%. A team
involving the physicians, stroke team nurse, rehabili-
tation therapists, case manager, and social worker must
begin looking at discharge needs immediately on
admission. The average length of stay of 5.3 days,
according to National Center of Health Statistics, does
not provide the patient or family with sufficient time
to understand the impact of the stroke. The discharge
team must actively involve the family and assist them
in making discharge decisions based on the patient’s
needs and family support systems. Discharge teams
should strive to obtain optimal clinical outcomes by
planning for rehabilitation and prevention of recurrent
stroke and complications, while being attentive to
containing the financial burden for the family. 
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ISCHEMIC STROKE

After providing indicated acute interventions and
management, the next goal of hospitalization is to
determine the cause of the stroke to prevent a recur-
rent event. 

The risk of a recurrent ischemic event is substan-
tial. Recurrent ischemic strokes occur in 5–18% of
patients (depending on the definitions used) within
90 days of the first event.1 Transient ischemic attacks
(TIAs) provide a ‘warning,’ the unique opportunity
for intervention before a stroke occurs. Strokes occur
in 10% of TIA patients within 90 days, half of
whom experience the recurrent event within 2 days
of the TIA.2 Therefore, it is imperative that a
diagnostic workup be initiated during the hospital-
ization to identify treatable causes, and that appro-
priate secondary prevention strategies be offered
promptly. 

Causes of ischemic stroke can be classified as:3,4

• Cardioembolism (about 20%)
• Large vessel atherosclerosis (about 15%)
• Small vessel ischemic disease (about 15%)
• Other (including iatrogenic, sickle cell disease,

hypercoagulable disorders, and extracranial artery
dissection) (about 5%)

• Cryptogenic (45%).

An essential stroke workup consists of the following:

• Evaluation for cardiac source of embolus
• Echocardiography with bubble study to

determine a cardiac source of direct or
paradoxical embolism

• – If there is no history of heart disease, a
transesophageal echocardiogram (TEE)
may be the preferred test

• Telemetry to detect unsuspected arrhythmias
such as paroxysmal atrial fibrillation

• Carotid artery evaluation
• Carotid ultrasound (CUS) or neck magnetic

resonance angiography (MRA) for anterior
circulation strokes to rule out hemodynami-
cally significant carotid stenosis

• Imaging of intracranial and vertebral artery
anatomy with MRA or angiography to discover
focal stenoses IF:
• no carotid or cardiac cause is identified, and
• the patient is having recurrent ischemic

events in the same vascular territory
• Fasting lipids and glucose levels to diagnose

hyperlipidemia and diabetes mellitus.

Other workup that may impact secondary prevention
strategies in the appropriate clinical settings includes:

• T1 fat-saturated axial neck magnetic resonance
imaging (MRI) sequences or conventional
angiography to rule out extracranial arterial
dissection

• Hypercoagulable studies to assess for coagulo-
pathy.

Diagnostic considerations and management strategies
for each of the common stroke etiologies are
discussed further below.

Large artery atherosclerosis

Internal carotid artery disease

Almost all stroke patients with anterior circulation
strokes should be screened for symptomatic internal
carotid artery (ICA) stenosis during the hospitalization.

43
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Without treatment, patients with >70% ICA stenosis
carry a 26% risk of recurrent ipsilateral stroke over 2
years.5

Diagnosis

• Initial screening by CUS or MRA (Chapter 4) 
• If an intervention is being considered based on

screening, a second confirmatory test should always
be performed to confirm the degree of stenosis

• If screening and confirmatory test results are
conflicting, a digital subtraction angiogram is
indicated to resolve the discrepancy. 

Management

Key considerations:6

• If a 70–99% symptomatic ICA stenosis is identi-
fied, carotid endarterectomy (CEA) is the estab-
lished therapy
• The patient should have at least a 5-year life

expectancy and the estimated risk of periop-
erative stroke or death should be <6%. For
every six patients treated with CEA, one
ipsilateral stroke will be prevented over the
next 2 years. Specifically, 26% of patients
without CEA vs 9% with CEA have recurrent
ipsilateral strokes over 2 years (P <0.001)

• CEA may be considered for patients with
50–69% symptomatic ICA stenosis based on
clinical and angiographic variables
• Considerations include gender (women have

not been shown to benefit from CEA in this
circumstance), the clinical event (those with
preceding hemispheric stroke or TIA are more
likely to benefit), and contralateral ICA occlu-
sion (a situation with greater perioperative risk
but more persistent long-term benefit)

• CEA within 2 weeks of TIA or nondisabling
stroke achieved greater benefit than waiting > 2
weeks based on post hoc data analyses, suggest-
ing that early treatment should be offered in
these clinical settings

• Aspirin therapy (81 or 325 mg) should be given
prior to CEA and indefinitely thereafter
• Data are not available regarding other

antiplatelet agents in this setting.

Other considerations:

• Patients at high risk for CEA may be offered
carotid stenting and should be referred to a
neurointerventionalist7

• High-risk candidates include those with
severe cardiac and pulmonary disease, age 
>80 years, recurrent stenosis, contralateral ICA
occlusion, and prior neck surgery or irradia-
tion, and contralateral laryngeal nerve palsy

• Whether carotid stenting is appropriate as a
first-line therapy for all patients is yet to be
determined. While data are pending, some
believe that a nonsurgical approach to carotid
artery stenosis will play a prominent role for
many patients in the future

• In certain circumstances, such as a substantial
infarction of the given ICA territory or poor
medical or neurological status, treatment of
carotid stenosis may not be warranted.

Intracranial artery stenosis

Diagnosis

• Since evidence regarding optimal management of
these patients is evolving, a head MRA to screen
for intracranial stenoses may define etiology but
not yet direct therapy. 

Management

• Aggressive risk factor management, including
antiplatelet therapy, statins, and antihyperten-
sives, is the standard of care for treatment of
symptomatic intracranial stenosis
• A randomized clinical trial has shown no

benefit of anticoagulation, compared to high-
dose aspirin therapy, for intracranial stenosis.8

Therefore, long-term anticoagulation is not
indicated in most circumstances

• Situations leading to consideration of less estab-
lished modes of care may include: 
• Suspicion of a hemodynamically dependent

lesion
• Recurrent strokes despite maximal medical

therapy referable to an intracranial stenosis
• A suspected localization where recurrent

stroke can be devastating such as a basilar
artery stenosis

• Investigational modes of care include:
• Stenting or angioplasty for intracranial stenosis
• Extracranial/intracranial bypass in selected

patients, possibly using computed tomogra-
phy (CT) perfusion as a guide to which
patients might benefit.

Extracranial vertebral artery stenosis

Similar considerations regarding diagnosis and
management are made for vertebral artery stenosis as
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for intracranial stenoses. Interventional treatments
are only considered in the setting of recurrent
symptoms despite maximal medical therapy.

Cardioembolism

Diagnosis

• All stroke patients should be screened for a possi-
ble cardioembolic etiology if this would lead to
a change in management
• Cardioembolism should be considered regard-

less of the presumed stroke subtype, including
strokes with a lacunar appearance on imaging,
since up to 25% of presumed small vessel
strokes are due to other etiologies9

• If a patient is already in atrial fibrillation but not
optimally treated, then effective long-term
anticoagulation is indicated and an echocardio-
gram may not be needed

• Every patient with minimal or no risk factors
should be screened for paradoxical embolus with
TEE and bubble study.

A cardioembolic stroke workup consists of:

• A transthoracic and/or transesophageal echocar-
diogram with bubble study

• Continuous telemetry monitoring for 48–72
hours for paroxysmal or undiagnosed arrhythmias.

The decision to use a transthoracic echocardiogram
(TTE) versus transesophageal echocardiogram (TEE)
is controversial. TEE has been suggested as a cost-
effective first-line diagnostic strategy by several
groups.10,11 Others suggest that these studies did not
account for increased length of hospital stay, the need
for sedation, and patient discomfort that come with
TEE use. A common practice is to go straight to TEE
when the patient is young or without known cardiac
disease and/or suspicion of a cardioembolic source is
high (i.e. strokes in multiple vascular distributions, or
branch distal artery infarcts without intracranial/
extracranial stenoses). In others, a TTE may be done
first, followed by a TEE if there are cardiac abnor-
malities or suspicion of cardioembolism becomes
high after receiving other study results. 

Common cardiac diseases associated with stroke
risk are:12,13

• Atrial fibrillation
• Cardiac heart failure with low ejection fraction

• Patent foramen ovale with atrial septal aneurysm
• Aortic arch atherosclerosis.

Uncommon conditions include:

• A left atrial or ventricular thrombus
• Prosthetic valves
• Infective endocarditis
• Marantic endocarditis
• Intracardiac tumors. 

Management

Atrial fibrillation 

Anticoagulation is indicated in most patients. 

• There is a 12% risk of recurrent stroke. Stroke
recurrence rates are reduced to approximately
10% annually with aspirin therapy alone,
compared to 4% using anticoagulation14

• Anticoagulation initiation in patients with acute
ischemic stroke is typically delayed by a few days
to 2 weeks, using clinical judgment
• The risk of hemorrhagic conversion, based on

the size of the infarct, must be balanced with
consideration of potential benefit. Data are
not available to guide this decision. 

Congestive heart failure 

Congestive heart failure (CHF) is the second most
common cardioembolic etiology of stroke. 

• Optimizing cardiac status through coronary
reperfusion, if indicated, and pharmacological
therapy should be pursued

• While controversial, anticoagulation may be
considered in the setting of a suspected cardio-
embolic stroke with concurrent CHF.15,16

Patent foramen ovale with atrial septal aneurysm

Patent foramen ovale (PFO) with an atrial septal
aneurysm (ASA) is associated with increased stroke
risk in aspirin-treated patients less than 55 years old. 

• There is currently no evidence regarding optimal
treatment (i.e. use of antiplatelet therapy versus
anticoagulation versus surgical or endovascular
closure)17

• Trials investigating mechanical closure are under-
way

• PFO alone has not been shown to increase the
risk of recurrent stroke among aspirin-treated
cryptogenic stroke patients. 
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Severe ascending aortic arch atheroma 

Severe ascending aortic arch atheroma (≥4 mm, ulcer-
ated, or mobile) is also a cardiac risk factor.13 Optimal
management of this condition (i.e. antiplatelets versus
short-term anticoagulants) is unknown.

Uncommon conditions

Uncommon conditions may warrant specific treat-
ments such as anticoagulation (left cardiac thrombus,
prosthetic valves, and marantic endocarditis), inten-
sive antibiotic therapy (infective endocarditis), and
resection (intracardiac tumors). 

Other causes of ischemic stroke

Less common causes of stroke, listed in order of
prevalence, are:18 

• Iatrogenic (i.e. post-surgical)
• Angiography/percutaneous transluminal coro-

nary angioplasty (PTCA)-related
• Hypercoagulable states (including sickle cell

disease)
• Extracranial artery dissection
• Cocaine or narcotic use
• Hypotension
• Cancer
• Venous sinus thrombosis
• Temporal arteritis.

Small-vessel ischemic disease and
cryptogenic strokes 

After the diagnostic workup, over one-half of patients
have no specific etiology identified.19 If the patient
has significant vascular risk factors and a small infarct
consistent with a lacune (i.e., <2 cm), the etiology is
often presumed to be small vessel ischemic disease.
When this is not the case, the stroke is classified as
‘cryptogenic.’ In either case, as with all stroke etiolo-
gies, modifiable vascular risk factors should be
addressed.

Modifiable cardiovascular risk factors

Aggressive treatment of modifiable risk factors is
essential for almost all stroke subtypes. Risk factors
with evidence-based treatment recommendations are
discussed below.16

Hypertension

Hypertension is the most important modifiable risk
factor for stroke. Management of hypertension in the
acute setting must be distinguished from long-term
management goals. 

Acute setting

During the acute stroke phase, mean arterial
pressures (MAPs) may directly impact perfusion to
ischemic and oligemic brain tissue due to loss of
autoregulation of the cerebral vasculature. Blood
pressure is often liberalized, although randomized
clinical trial data are lacking. Specifically:

• If tissue plasminogen activator (tPA) therapy was
administered, maintaining blood pressure below
180/105 for the first 24 hours after treatment is
critical (Chapter 5)

• Among patients for whom an acute intervention
was not used, evidence-based data are not avail-
able. Blood pressure should be allowed to run
relatively high. Treating MAPs >140 may be
considered20 (Chapter 6)

• Preadmission antihypertensive agents are often
held or reduced, unless they are being used for
other indications such as cardiac rate control

• Limited data suggest that autoregulation remains
abnormal for the next 1–2 weeks and, therefore,
aggressive hypertension management may be
delayed during this time.21 

Chronic setting

• All stroke and TIA patients should be prescribed
antihypertensive therapy if blood pressures are
>120/80.22 Randomized, controlled trials have
shown that reduction of systolic blood pressure
by >10 mmHg decreases stroke risk by 30% over
about 5 years23

• ACE inhibitors and thiazide diuretics are recom-
mended as first-line agents for cerebrovascular
disease. ACE inhibitors or angiotensin receptor
blockers (ARBs) should be used first in diabet-
ics, due to their renal protective effects.22

Diabetes

Diabetes mellitus is an independent risk factor for
stroke. 

• All stroke patients should be screened for
diabetes with a fasting glucose and Hgb A1C
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• Patients with a fasting (i.e. >8 hours without
PO intake) glucose ≥126 or a random plasma
glucose >200 are considered diabetic, and
100–125 are prediabetic24

• Management of diabetes mellitus includes diet,
exercise, oral hypoglycemic agents, and insulin 
• The goal is to maintain hemoglobin A1C

levels ≤ 725

• Whether prediabetic stroke patients should be
treated with oral hypoglycemics as a secondary
stroke prevention measure is currently under
investigation. 

Hyperlipidemia

Elevated serum triglycerides, total cholesterol, and
low-density lipoprotein (LDL) are risk factors for
cardiovascular disease. Their role in stroke is less
established, which may reflect varying degrees of risk
based on specific ischemic stroke subtypes. 

• Fasting lipids should be obtained on admission
or within 24 hours of admission to guide
discharge medication regimens
• Based on data from patients hospitalized for

acute coronary syndromes, LDL levels drop
after the first few hours following an acute
event and may remain low for weeks before
eventually reaching admission levels again.
Therefore, repeat measurements as an outpa-
tient should be considered26

• Symptomatic carotid artery disease is considered
a coronary heart disease (CHD) equivalent.
Atherosclerotic stroke subtypes may be consid-
ered CHD equivalents as well16

• Based on the presence of a CHD equivalent, the
following lipid goals should be achieved:26

• LDL <100
• Non-HDL (i.e. total cholesterol minus HDL)

<130
• Triglycerides <200

• The treatment approach should start with
achieving the LDL goal26

• A therapeutic lifestyle change (TLC), includ-
ing diet (consisting of saturated fat <7% of
calories, cholesterol <200 mg/day, and
10–25 g/day of increased fiber or 2 g/day of
plant stanol/sterol intake), weight manage-
ment, and increased physical activity, may be
considered for 3 months prior to drug
therapy if the LDL is 100–129

• Initiation of drugs immediately upon diagno-
sis is also a reasonable approach

• Statins should be first-line drugs for stroke
patients. In fact, data suggest that stroke
patients may benefit from statin therapy
regardless of cholesterol levels.27

Tobacco use

• Patients who are currently tobacco users should
be strongly encouraged to quit smoking

• Even a reduction in smoking is helpful
• Limiting second-hand smoke exposure is also

recommended
• Exposure to tobacco has been shown to

increase the rate of atherosclerosis accumula-
tion28

• Counseling should be provided to all stroke
patients who use tobacco. Support groups should
be offered if available. Successful tobacco cessa-
tion requires repeated interventions

• Pharmacotherapies should be offered to all
patients who are attempting to quit smoking29

• First-line therapies are sustained-release
bupropion hydrochloride (i.e. Wellbutrin)
and nicotine products (gum, inhaler, nasal
spray or patch)

• Second-line therapies are clonidine,
hydrochloride, and nortryptiline hydro-
chloride. 

Alcoholism

Heavy drinking or chronic alcoholism is a significant
risk factor, and alcohol use should be stopped or
reduced to no more than two drinks per day for men
and one drink per day for women.16 

Obesity

Obesity, defined as a body mass index (BMI)
>30 kg/m2, is an independent risk factor for stroke.
Weight management through balanced calorie intake,
exercise, and behavioral counseling should be encour-
aged in all stroke and TIA patients. A goal BMI of
18.5–24.9 kg/m2 is recommended. 16

Exercise

Thirty minutes of moderate intensity exercise on
most days is recommended for secondary stroke
prevention.16
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Antiplatelet therapy for secondary stroke
prevention

Aspirin is well-established for secondary stroke
prevention. 

• Therapy should be started within 48 hours of
stroke, and is typically started on the day of
presentation, after determining that there is no
ICH on the head CT
• Early aspirin treatment leads to an absolute

risk reduction in stroke recurrence of 1% in
the first 2 weeks after stroke30

• In the long term, among stroke and TIA
patients, aspirin reduces the rate of recurrent
stroke by 22% annually, regardless of dosing,
from 50 to 325 mg daily doses31

• If the patient receives an acute reperfusion inter-
vention, aspirin should be held until 24-hour CT
results showing no hemorrhage have been obtained

• Whether the lowest effective dose is 50 versus
75 mg is debatable.31

Alternative agents to be considered include clopi-
dogrel (Plavix) and an ASA/extended release (ER)-
dipyrimadole combination (Aggrenox). 

• Clopidogrel has been shown to reduce stroke
recurrence rates comparably to aspirin
• However, clopidogrel decreased the risk of

the combined end point of myocardial infarc-
tion (MI), stroke, and vascular death by an
additional 8.7% compared with aspirin,
primarily due to an increased benefit in
peripheral vascular disease patients32

• Of note, combination therapy using both
aspirin and clopidogrel offers no benefit over
clopidogrel or aspirin alone, but provides
added risk of life-threatening and major
bleeding events33,34

• Whether there may be a role for this combi-
nation immediately after an acute stroke,
analogous to acute coronary stent placement,
has not been investigated.

• The ASA/ER-dipyrimadole combination has been
shown to lead to a 23% relative risk reduction in
stroke recurrence rates, compared with aspirin35

• An ongoing large trial, randomizing patients
to clopidogrel versus aspirin/ER-dipyri-
damole therapy, is likely to be informative. 

The decision regarding which antiplatelet agent to
initiate after a first stroke must be individualized.

Aspirin, ER-dipyridamole, and clopidogrel are all
acceptable options.16 

• A logical approach is to prescribe the aspirin/ER-
dipyridamole combination for maximal preven-
tion after a first stroke rather than waiting for an
episode of ‘aspirin failure.’ This strategy is likely
to be cost-effective as well36

• Clopidogrel may be a good option for patients
with known concurrent peripheral vascular disease

• Finally, for patients with concurrent cardiac
disease who may require more than 50 mg of
aspirin daily or for whom cost is a concern,
aspirin therapy alone may be most appropriate. 

Discharge instructions after ischemic
stroke

In-depth education regarding secondary prevention is
difficult in the acute care setting. However, at
discharge, it is ideal to give the patient and family a
written summary of the individual risk factors, the
target for improving each risk factor, and the strat-
egy for doing so. This should also be communicated
to the primary care physician who will usually resume
care of the patient. 

INTRACEREBRAL HEMORRHAGE

• Uncontrolled hypertension is, by far, the most
common risk factor for intracerebral hemorrhage
(ICH). As in the case of ischemic stroke, the
management of hypertension is usually handled
differently in the acute versus chronic settings
• In the acute setting, blood pressure manage-

ment is liberalized. While evidence regarding
specific parameters is lacking, guidelines
suggest treating MAPs >13037

• After 7–10 days, additional antihypertensives
may be added or restarted

• Strict hypertension management should be
attempted within 4–6 weeks

• Amyloid angiopathy, trauma, vascular malforma-
tions, or an underlying tumor are other consid-
erations, depending on the location and
appearance of the ICH. The workup is dictated
by the clinical scenario
• Considerations include the imaging appear-

ance of the ICH and the patient’s history. For
example, lobar hemorrhages warrant gradient
echo (GRE) MRI imaging to look for
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evidence of prior microhemorrhages.
Diagnosis of amyloid angiopathy may impact
the decision to use anticoagulation therapy,
although definitive evidence on this topic is
not available38

• A heterogeneous or atypical appearance of the
ICH warrants an MRI to look for vascular
malformations during the hospitalization. If
unrevealing, another MRI should be
performed after 1–2 months to reassess the
appearance after blood resorption

• Clinical factors adding to suspicion of a
vascular malformation, such as an MRI
appearance of blood vessel feeders, a lobar
location of ICH, younger age, and no history
of hypertension, should raise the suspicion
for an underlying vascular malformation and
lead to further screening by MRA and/or
cerebral angiogram.
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Stroke remains the leading cause of adult disability,
despite new approaches to treatment and manage-
ment. Indeed, 40% of stroke patients are left with
moderate functional impairments, and 15–30% with
severe disability.1 Every stroke center needs access to
a multidisciplinary rehabilitation team to maximize
recovery for each patient. Ideally, patients should be
evaluated by the rehabilitation team as soon as they
are medically stable.

The five major goals of stroke rehabilitation are as
follows:2

1. Prevention, recognition, management, and
minimizing the impact of pre-existing medical
conditions.

2. Training for maximal functional independence.
3. Facilitating optimal psychosocial adaptation and

coping by both the patient and family.
4. Promoting community reintegration, resumption

of prior life roles, and return to home, family,
recreational, and vocational activities.

5. Enhancing quality of life.

Because of the myriad of functional domains
encompassed by these goals, rehabilitation relies
heavily on a ‘team approach,’ ideally including the
physiatrist, speech therapist, physical therapist,
occupational therapist, neuropsychologist, social
worker, recreation therapist, and others working
with the patient to set goals and reintegrate the
patient back into the desired community. A physi-
atrist is, perhaps, the most key player, as the phsyi-
atrist is the team leader who organizes the various
components of a rehabilitation plan for a particular
patient. Ironically, regular, yearly contact with the

physiatrist is also often the most ignored compo-
nent of a comprehensive rehabilitation plan.

While physical rehabilitation (e.g. physical and
occupational therapy, spasticity management) is
perhaps the most recognized facet of stroke rehabili-
tation, other aspects of the rehabilitative process, such
as management of depression and cognitive impair-
ments, are equally important. These deficits continue
long after the usual rehabilitation process has been
completed, and may involve professionals such as
neuropsychologists. Participation in a stroke support
group by both the patient and the caregiver can also
be helpful in connecting to community resources.

In this chapter, we review the typical stroke motor
recovery patterns, rehabilitation strategies for specific
impairments, and some new stroke rehabilitation
techniques.

The American Stroke Association Practice
Guideline for the Management of Adult Stroke
Rehabilitation Care is one resource that also summa-
rizes evidence-based ‘best practices’ for stroke rehabil-
itation.1

ACUTE INPATIENT REHABILITATION

During acute stroke rehabilitation, the patient is
ideally involved in physical rehabilitation as soon as
medical stabilization occurs. Acute rehabilitation is
also ideally directed at preventing secondary compli-
cations, including the occurrence of another stroke.
All of these aspects of care should be included in the
clinical pathway. Programs in acute rehabilitation
should not only include physical, occupational, and
speech therapy, but should also evaluate:
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• Medical problems
• Mental status
• Sensation
• Skin integrity 
• Frequency of turns and position changes
• Edema
• Venous thromboembolism prophylaxis
• Rest and sleep
• Endurance/cardiorespiratory status.

In the acute setting, the rehabilitation team can also
provide:

• Psychological support to patient and/or family
• Educational programs on stroke, stroke preven-

tion, and personal care
• Functional mobility skills assessment and

exercises
• Bed mobility
• Transfers
• Wheelchair or assistive device mobility.

Care in this setting is ideally directed by a physician
with training and expertise in neurorehabilitation, and
carried out by a team, with weekly meetings for case
discussion. Therapy duration is usually 3 hours per day.
However, recent animal and human research studies
suggest that, for brain plasticity and subsequent
improvements to occur, rehabilitation be task-specific,
repetitive, and motivating to the patient. Thus,
additional ‘bedside’ therapy, ideally provided by other
hospital staff, provides additional practice attempts
harnessing the potential plasticity of the brain thought
to be available during the acute stage of recovery. The
rehabilitation team will also make the recommendation
for what type of post stroke rehabilitation should occur. 

POST STROKE REHABILITATION

After the patient is medically stable and diagnostic
evaluations are complete, rehabilitation becomes the
focus of care. This phase of care can be conducted in
either inpatient or outpatient settings. If your hospital
does not have a rehabilitation unit, then it is very
important to establish close relationships with one or
more rehabilitation facilities so that patients can be
transferred and task-specific, repetitive rehabilitation
can be started in a timely fashion. Ideally, the transi-
tion in care from the acute stroke center to the rehabil-
itation site should be seamless. A rehabilitation clinical
path can help assure that the transition goes well.

STROKE REHABILITATION OUTCOMES

Several factors may influence the specific outcome of
an individual patient involved in a post stroke
rehabilitation program. Potentially important factors
may include:

• Type, distribution, pattern, and severity of physi-
cal impairment

• Cognitive, language, communication, and learn-
ing ability

• Number, type, and severity of comorbid medical
conditions

• Depression or other psychological impairment 
• Coping ability and style
• Nature and degree of family and other social

supports
• Type and quality of specific rehabilitation train-

ing programs.

The strongest and most consistent predictor of
discharge functional ability is admission functional
ability.3 The strongest predictors of adverse outcomes
are coma at onset, persistent incontinence, poor
cognitive function, severe hemiplegia, prior stroke,
visuo-spatial neglect, cardiovascular disease, and large
cerebral lesion.4 It is important to note that, although
hundreds of articles describe numerous predictors of
outcome after stroke rehabilitation, it is difficult to
apply these predictors to a particular patient given
the heterogeneous nature of stroke and the impact
that premorbid factors can have on outcome. 

NEW APPROACHES TO MOTOR AND
FUNCTIONAL TRAINING

Traditionally, stroke patients have been encouraged to
use their less affected hands. This has been based on
the premise that motor recovery in the more affected
hand is not plausible and, thus, compensatory strate-
gies (e.g. one-handed shoelace tying, writing with the
less affected hand) should be taught. During
compensatory training, the patient is encouraged to
make use of residual abilities to develop new ways of
achieving old goals, and perform routine tasks such
as transferring. Reduced lengths of stay have also
forced therapists to focus on compensatory strategies
using the less affected limb. Additional motor train-
ing programs have consisted of positioning, passive
and active range of motion exercises, and progressive
resistance exercises. 
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TASK-SPECIFIC TRAINING
APPROACHES

As noted earlier, numerous studies have shown that
movement patterns and anatomical regions used
more frequently become represented over larger corti-
cal surface areas. Based on this finding in both
animals and humans, a number of new, task-specific
training regimens have been developed and are being
tested as new approaches to rehabilitation.

Constraint-induced movement therapy

For decades it had been observed that individuals
with neurologic insults, although capable of using
their more affected limbs, often chose not to use
them.5,6 However, following success in early condi-
tioned response studies,7 researchers forced use of
patients’ more affected limbs by requiring sling wear
on their less affected limbs during nearly all waking
hours of a 2-week period. Following the intervention,
patients demonstrated significant but small improve-
ments in 19 of the 21 motor tasks on the Wolf Motor
Function Test.8 Subsequent researchers9–11 have
combined a restriction schedule identical to the one
used by Wolf and colleagues with a 6-hour/day train-
ing protocol during which patients perform
functional tasks using the more affected limb.
Training sessions occur on all weekdays of the same
2-week period that restriction of the less affected
limb occurs. The studies have shown that this
‘constraint-induced movement therapy’ (CIT) causes
substantial increases in use and function of the more
affected limb in chronic stroke patients (> 1 year post
cerebrovascular accident (CVA)) and, more recently,
in more subacute stroke cases.12 Despite the attention
that CIT has received, data from only one large
chronic CVA CIT randomized controlled study have
been reported,11 and its methods and conclusions
were criticized.13

Modified constraint-induced therapy: an
outpatient, reimbursable alternative

Because of efficacy in pilot studies, a large, multi-
center CIT trial is underway. However, even if
efficacy is shown, considerable data suggest that CIT
may be difficult to implement because of poor
patient compliance. A recent survey14 found that
many stroke patients would not want to participate

in CIT, and would prefer a therapy protocol lasting
for more weeks with shorter activity sessions and/or
fewer hours wearing the restrictive devices. Given
CIT shortcomings, shorter forced use protocols have
been developed.15,16 The most notable example has
been an outpatient therapy called ‘modified
constraint-induced therapy’ (mCIT), which
combines 30-minute activities of daily living (ADL)
practice sessions with restriction of the unaffected
arm 5 days/week for 5 hours/day, both during a 10-
week period (Figure 9.1). Besides being reimbursable
by most managed care programs, mCIT increases
affected arm use and function in randomized,
controlled studies with acute,17 subacute (>3 months
<12 months post stroke),18,19 and chronic20 stroke
patients.

Following stroke, the size of the cortical represen-
tation of the more affected hand is known to
decrease.21–23 However, as stated earlier, in task-
specific protocols like mCIT, in which the more
affected limb is used in behaviorally relevant ways,
the size of the cortical areas representing the limb
increases.24–27 As such, increased functional use of the
affected arm via mCIT participation has been
suggested to cause cortical reorganization. 
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guidance of his therapist
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Bilateral training

Imagine signing your first name on a chalkboard
using your non-dominant hand at normal speed, but
moving in the direction opposite to normal (the
product should look like a mirror image of how your
signature normally appears). Unless you have
practiced, you are likely to have to think about this
as you perform this task, and the movement outcome
(your signature) is likely to be suboptimal. Now,
attempt this same task again, but simultaneously
write your name as you normally would using your
dominant hand. You are likely to find that this
combined, bilateral regimen is easier, and that the
movement outcome is significantly better. More
importantly, you will probably notice that the two
hands appear to be ‘locked’ together.

As the above experiment shows, our limbs are
indeed ‘locked,’ which has commonly been termed
‘entrainment.’ However, while the above experiment
shows that the limbs are spatially entrained, studies
have also shown that the limbs are temporally
entrained. For example, it is very difficult to tap a
constant rhythm with one hand while tapping as
quickly as possible with the other. Similarly, research
shows that individuals listening to an externally
produced, constant rhythm (e.g. a metronome) tend
to have difficulty tapping out a consistent but
completely different rhythm.28 It is believed that this
entrainment effect is seen because a single neural
mechanism controls spatial and temporal aspects of
both limbs. The use of this single mechanism makes
it difficult to ‘beat the system’ by simultaneously
employing more than one movement pattern without
considerable practice.

Following stroke, the above entrainment effect is
retained. More importantly, research suggests that a
particular patient who is unable to move the affected
arm voluntarily by itself can often move the arm
when bilateral practice strategies are employed. This
is a critical discovery, as it means that patients who
normally would be barely able to move their affected
arms if a unilateral practice strategy was employed
are often able to move the affected limb – and
practice meaningfully – when bilateral training
strategies are employed. Of course, bilateral training
is also useful in relearning activities that are naturally
bilateral (e.g. walking). And, bilateral training has
also been shown to produce increased strength,
range of motion, and performance of discrete unilat-
eral and bilateral movement in the affected limbs of
stroke patients.29

Bilateral training may also be optimal for stroke
patients because they receive proprioceptive and
visual feedback from the unaffected limb that they
do not receive during unilateral practice in which
only the affected limb is used. Indeed, when practic-
ing bilaterally, a patient can use the unaffected
extremity’s neurologically intact afferent and efferent
signals, and the look and feel of movement within
that limb, to promote similar movement in the
affected limb. For example, a stroke patient could
simultaneously practice a reaching movement, such
as reaching for a cup, with the affected and
unaffected limb. This would provide sensory input,
as the patient feels what it is like to reach for the cup
in the unaffected limb. However, the visual input of
seeing the unaffected arm reach for the cup may also
provide a model with which the patient can better
move the affected limb and become more successful. 

Interestingly, bilateral training is also inherent in
walking, which is thought to be a primary reason
why the lower extremity tends to recover more
rapidly than the upper extremity. However, despite
the fact that proprioceptive training of the
hemiparetic lower extremity is inherent during
ambulation (i.e. the ‘feel’ of walking), the visual
feedback needed to implement true bilateral training
is not as available as it is with the upper extremity, as
the subject is not looking down to check feet
position, hip angle, and so on, as this puts the patient
at risk for falls. Clinicians have somewhat solved this
limited visual feedback by placing a mirror at the end
of a treadmill and having the patient walk ‘towards’
the mirror. If improved function is realized through
increased feedback and integration of the lower
extremities, how can the clinical setting be altered to
approximate the same conditions for the upper
extremities?

Current models of bilateral training in
stroke

Bilateral arm training with rhythmic auditory cueing
(BATRAC) uses a robot to deliver controlled, bilat-
eral, rhythmic movements to the upper limbs and has
been shown to be effective. Although the BATRAC
serves as a useful tool to study bilateral training under
optimal conditions, most therapy clinics do not have
robotic arms and cannot afford to invest in these
types of strategies. 

At the University of Cincinnati, we have used the
NuStep to administer bilateral training for the arms
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and legs. As shown in Figure 9.2, the NuStep is a
commonly available machine that has traditionally
been used to rehabilitate and/or strengthen geriatric
patients. However, the NuStep also allows the patient
to oppositionally, bilaterally practice with both legs
and both arms simultaneously. Importantly, whereas
many approaches to affected limb function in stroke
require intense supervised practice, specialized train-
ing, and/or additional personnel, the NuStep is easy to
use, requires minimal supervision, and widespread
application can be quickly realized. The device has the
advantage that the patient can engage in bilateral
practice that simulates walking while remaining seated. 

Pilot data suggest that the NuStep is a promising
clinically practical approach to improving balance
and ambulation in stroke patients, even many years
after injury. Importantly, the resistance on the device
can be adjusted, resulting in marked improvement in
cardiovascular conditioning in most of our subjects.
Currently, we are investigating the use of an auditory
component (e.g. a metronome), as auditory cueing is
believed to increase learning of naturally rhythmic
behaviors such as walking.

ELECTRICAL STIMULATION

Despite growing evidence suggesting that motor
relearning after stroke is activity-dependent, large

segments of the population of stroke survivors are not
able to take part in such strategies due to the sever-
ity of their hemiparesis and/or growing resource
limitations of the evolving health care environment.
Cyclic neuromuscular electrical stimulation (NMES)
involves stimulation applied to the affected muscle(s)
to elicit muscle contraction(s). It is presumed that the
afferent input improves motor control with repeated
use. Several studies have shown increased affected
arm function following cyclic surface NMES use.30

However, cyclic surface NMES therapy may be
suboptimal because patients are not responsible for
volitionally activating their muscles (i.e. their partic-
ipation is passive).

Given that repeated, volitional, affected limb use
facilitates improved function, it would seem advan-
tageous to use a device focused on that type of activ-
ity. Surface electromyography (EMG)-triggered
neuromuscular stimulation (ETMS) incorporates
concepts of repeated limb use, biofeedback, and
electrical stimulation. When using ETMS, the
patient attempts to activate the affected musculature
(for the purposes of this discussion, the affected
extensors). If the intended muscles are activated such
that a pre-set threshold is reached (as detected by
EMG in the device), the musculature will be electri-
cally stimulated by the device and full extension is
realized. If the threshold is not reached, the thresh-
old is automatically lowered, and the patient tries
again. Thus, the patient is provided with biofeedback
that ‘reteaches’ active muscle contraction through the
reward of stimulation. ETMS appears to restore more
affected wrist movement in both subacute and
chronic stroke patients.31–33

A new electrical stimulation approach is testing a
hand orthosis that provides synchronized activation
of finger and wrist flexors and extensors during
practice of functional, valued ADLs.34,35 The device,
called the ‘Handmaster,’ can be self-administered in
the home, making it more accessible to a larger
number of stroke patients than traditional modalities,
which typically require therapist supervision in a
structured environment. The device is used during
performance of valued ADLs, which overcomes a
shortcoming of passive, electrical stimulation modal-
ities. The device is depicted in Figure 9.3.

CONCLUSION

There is an increasing prevalence of stroke survivors
in the United States, due to improved acute therapies
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Patient participating in bilateral, reciprocal training using the NuStep
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and better management of stroke comorbidities.
Because of the increased survival rate, stroke rehabil-
itation will play an even greater role in returning
patients to a normal level of function and quality of
life. Ideally, stroke rehabilitation emphasizes a team
approach that, while physiatrist-directed, also
includes input from therapy staff, neuropsychologists,
social workers and, most importantly, the patient’s
family and the patient. Stroke caregivers and clini-
cians should remember that meaningful recovery can
occur months and even years after stroke; task-
specific repetitive practice and an open-minded clini-
cian are fundamental to this continued recovery
process. 
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Figure 9.3 

(a) The H-200 electrical stimulation orthosis; (b and c) a stroke
patient using the H-200 during a functional grasp–release task
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One of the most effective ways to assure efficient
quality care in the stroke center is to use standard-
ized tools. Some of these, such as clinical pathways
and order sets, will be specific to your stroke center
and some will be scales and tools that are used
uniformly across all centers. The latter are useful for
comparing your performance and outcomes with
other centers. There is good evidence that when
standardized order tools are utilized, care improves.1

This section includes some of the more commonly
used clinical scales. They can be downloaded from
strokecenter.org/trials/scales/indes. There are also

sample tools and educational materials developed by
the Saint Luke’s Hospital Stroke Team. 

PREHOSPITAL CLINICAL ASSESSMENT
TOOLS

Two prehospital tools are included here. Both have
been used very effectively by emergency medical
providers in accurately diagnosing stroke prior to
arrival at the hospital. The Cincinnati Stroke Scale is
also a useful tool for public education and awareness
of stroke symptoms.
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Appendix

Clinical scales and tools

CINCINNATI PREHOSPITAL STROKE SCALE

Facial droop
Normal: Both sides of face move equally
Abnormal: One side of face does not move at all

Arm drift
Normal: Both arms move equally or not at all
Abnormal: One arm drifts compared to the other

Speech
Normal: Patient uses correct words with no slurring
Abnormal: Slurred or inappropriate words or mute

REFERENCE

Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati Prehospital Stroke Scale: reproducibility and valid-
ity. Ann Emerg Med 1999; 33: 373–8.

Provided by the Internet Stroke Center – www.strokecenter.org
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Provided by the Internet Stroke Center – www.strokecenter.org

REFERENCE

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

Facial smile/grimace:
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EMERGENCY DEPARTMENT TOOLS

If acute stroke intervention is going to be provided
then standardized efficient care in the emergency
department (ED) is essential. It is helpful for compre-

hensive centers to provide information to primary
centers regarding treatment options and the transfer
process. Each ED should have a flowsheet for
summarizing the important aspects of acute stroke
treatment.

APPENDIX 
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MID AMERICA BRAIN AND STROKE INSTITUTE
SAINT LUKE’S HOSPITAL

CURRENT OPTIONS FOR ACUTE STROKE INTERVENTION

1. Patient presenting within 3 hours of symptom onset who meets
criteria for treatment with IV (intravenous) tPA.

• Standard (FDA approved, 1996) IV tPA at 0.9 mgm/kgm (max dose
= 90 mgm); 10% bolus, the rest over 1 hour. Blood pressure to be
185/110 or lower at the time of treatment and maintained at <180/105
or lower after treatment. No anticoagulants or antiplatelets for 24
hours. No hemorrhage on CT head scan. No special consent needed.

• For more severe strokes, consider the experimental protocol: give IV
tPA 0.6 mgm/kgm 15% bolus, the rest over 30 minutes, followed by
intra-arterial (IA) tPA. The initial IV treatment must be started within
3 hours of onset of symptoms, can be given at the local ED and the
patient can come to the Saint Luke’s Hospital Mid America Brain and
Stroke Institute by helicopter or ambulance for the therapy which must
begin in the 5 hours after symptom onset. We will obtain consent
when the patient arrives. No special consent required for the IV
administration. Same CT and BP requirements.

2. Patient presenting after 3 hours but within 6 hours of symptom onset
who meets criteria for treatment with IA tPA.

• Patient can have IA tPA as long as the procedure is started by 6 hours
after onset. This is usually reserved for severe strokes and is
experimental. We have had excellent outcomes with this approach.

3. Patient presenting within 8 hours of symptoms onset.

• Patient can be treated with the MERCI clot retrieval device that can
remove the clot from the middle cerebral, basilar or internal carotid
arteries.

• This procedure can be combined with IV and/or IA tPA.
• In August 2004 FDA approved this catheter for clot retrieval.

The Mid America Brain and Stroke Team Neurologists and Interventional
Neuroradiologists are available 24/7. The best access number is the Doctors’
One Call number at 816-932-6200. Saint Luke’s is NEVER on diversion for
stroke.
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Wt (lb) Wt (kg) Total IV dose 15% Bolus 85% Infusion
88 40.0 24.0 3.6 20.4 156 70.9 42.5 6.4 36.2
89 40.5 24.3 3.6 20.6 157 71.4 42.8 6.4 36.4
90 40.9 24.5 3.7 20.9 158 71.8 43.1 6.5 36.6
91 41.4 24.8 3.7 21.1 159 72.3 43.4 6.5 36.9
92 41.8 25.1 3.8 21.3 160 72.7 43.6 6.5 37.1
93 42.3 25.4 3.8 21.6 161 73.2 43.9 6.6 37.3
94 42.7 25.6 3.8 21.8 162 73.6 44.2 6.6 37.6
95 43.2 25.9 3.9 22.0 163 74.1 44.5 6.7 37.8
96 43.6 26.2 3.9 22.3 164 74.5 44.7 6.7 38.0
97 44.1 26.5 4.0 22.5 165 75.0 45.0 6.8 38.3
98 44.5 26.7 4.0 22.7 166 75.5 45.3 6.8 38.5
99 45.0 27.0 4.1 23.0 167 75.9 45.5 6.8 38.7

100 45.5 27.3 4.1 23.2 168 76.4 45.8 6.9 38.9
101 45.9 27.5 4.1 23.4 169 76.8 46.1 6.9 39.2
102 46.4 27.8 4.2 23.6 170 77.3 46.4 7.0 39.4
103 46.8 28.1 4.2 23.9 171 77.7 46.6 7.0 39.6
104 47.3 28.4 4.3 24.1 172 78.2 46.9 7.0 39.9
105 47.7 28.6 4.3 24.3 173 78.6 47.2 7.1 40.1
106 48.2 28.9 4.3 24.6 174 79.1 47.5 7.1 40.3
107 48.6 29.2 4.4 24.8 175 79.5 47.7 7.2 40.6
108 49.1 29.5 4.4 25.0 176 80.0 48.0 7.2 40.8
109 49.5 29.7 4.5 25.3 177 80.5 48.3 7.2 41.0
110 50.0 30.0 4.5 25.5 178 80.9 48.5 7.3 41.3
111 50.5 30.3 4.5 25.7 179 81.4 48.8 7.3 41.5
112 50.9 30.5 4.6 26.0 180 81.8 49.1 7.4 41.7
113 51.4 30.8 4.6 26.2 181 82.3 49.4 7.4 42.0
114 51.8 31.1 4.7 26.4 182 82.7 49.6 7.4 42.2
115 52.3 31.4 4.7 26.7 183 83.2 49.9 7.5 42.4
116 52.7 31.6 4.7 26.9 184 83.6 50.2 7.5 42.7
117 53.2 31.9 4.8 27.1 185 84.1 50.5 7.6 42.9
118 53.6 32.2 4.8 27.4 186 84.5 50.7 7.6 43.1
119 54.1 32.5 4.9 27.6 187 85.0 51.0 7.7 43.4
120 54.5 32.7 4.9 27.8 188 85.5 51.3 7.7 43.6
121 55.0 33.0 5.0 28.1 189 85.9 51.5 7.7 43.8
122 55.5 33.3 5.0 28.3 190 86.4 51.8 7.8 44.0
123 55.9 33.5 5.0 28.5 191 86.8 52.1 7.8 44.3
124 56.4 33.8 5.1 28.7 192 87.3 52.4 7.9 44.5
125 56.8 34.1 5.1 29.0 193 87.7 52.6 7.9 44.7
126 57.3 34.4 5.2 29.2 194 88.2 52.9 7.9 45.0
127 57.7 34.6 5.2 29.4 195 88.6 53.2 8.0 45.2
128 58.2 34.9 5.2 29.7 196 89.1 53.5 8.0 45.4
129 58.6 35.2 5.3 29.9 197 89.5 53.7 8.1 45.7
130 59.1 35.5 5.3 30.1 198 90.0 54.0 8.1 45.9
131 59.5 35.7 5.4 30.4 199 90.5 54.3 8.1 46.1
132 60.0 36.0 5.4 30.6 200 90.9 54.5 8.2 46.4
133 60.5 36.3 5.4 30.8 201 91.4 54.8 8.2 46.6
134 60.9 36.5 5.5 31.1 202 91.8 55.1 8.3 46.8
135 61.4 36.8 5.5 31.3 203 92.3 55.4 8.3 47.1
136 61.8 37.1 5.6 31.5 204 92.7 55.6 8.3 47.3
137 62.3 37.4 5.6 31.8 205 93.2 55.9 8.4 47.5
138 62.7 37.6 5.6 32.0 206 93.6 56.2 8.4 47.8
139 63.2 37.9 5.7 32.2 207 94.1 56.5 8.5 48.0
140 63.6 38.2 5.7 32.5 208 94.5 56.7 8.5 48.2
141 64.1 38.5 5.8 32.7 209 95.0 57.0 8.6 48.5
142 64.5 38.7 5.8 32.9 210 95.5 57.3 8.6 48.7
143 65.0 39.0 5.9 33.2 211 95.9 57.5 8.6 48.9
144 65.5 39.3 5.9 33.4 212 96.4 57.8 8.7 49.1
145 65.9 39.5 5.9 33.6 213 96.8 58.1 8.7 49.4
146 66.4 39.8 6.0 33.8 214 97.3 58.4 8.8 49.6
147 66.8 40.1 6.0 34.1 215 97.7 58.6 8.8 49.8
148 67.3 40.4 6.1 34.3 216 98.2 58.9 8.8 50.1
149 67.7 40.6 6.1 34.5 217 98.6 59.2 8.9 50.3
150 68.2 40.9 6.1 34.8 218 99.1 59.5 8.9 50.5
151 68.6 41.2 6.2 35.0 219 99.5 59.7 9.0 50.8
152 69.1 41.5 6.2 35.2 220 100.0 60.0 9.0 51.0
153 69.5 41.7 6.3 35.5 >220 100.0 60.0 9.0 51.0
154 70.0 42.0 6.3 35.7
155 70.5 42.3 6.3 35.9

Wt (lb) Wt (kg) Total IV dose 15% Bolus 85% Infusion

0.6 mg/kg tPA Dosing Chart
(total IV dose = 0.6 mg/kg, 15% of dose given as bolus, 85% as infusion. Maximum dose is 60 mg)
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88 40.0 36.0 3.6 32.4 156 70.9 63.8 6.4 57.4
89 40.5 36.4 3.6 32.8 157 71.4 64.2 6.4 57.8
90 40.9 36.8 3.7 33.1 158 71.8 64.6 6.5 58.2
91 41.4 37.2 3.7 33.5 159 72.3 65.0 6.5 58.5
92 41.8 37.6 3.8 33.9 160 72.7 65.5 6.5 58.9
93 42.3 38.0 3.8 34.2 161 73.2 65.9 6.6 59.3
94 42.7 38.5 3.8 34.6 162 73.6 66.3 6.6 59.6
95 43.2 38.9 3.9 35.0 163 74.1 66.7 6.7 60.0
96 43.6 39.3 3.9 35.3 164 74.5 67.1 6.7 60.4
97 44.1 39.7 4.0 35.7 165 75.0 67.5 6.8 60.8
98 44.5 40.1 4.0 36.1 166 75.5 67.9 6.8 61.1
99 45.0 40.5 4.1 36.5 167 75.9 68.3 6.8 61.5

100 45.5 40.9 4.1 36.8 168 76.4 68.7 6.9 61.9
101 45.9 41.3 4.1 37.2 169 76.8 69.1 6.9 62.2
102 46.4 41.7 4.2 37.6 170 77.3 69.5 7.0 62.6
103 46.8 42.1 4.2 37.9 171 77.7 70.0 7.0 63.0
104 47.3 42.5 4.3 38.3 172 78.2 70.4 7.0 63.3
105 47.7 43.0 4.3 38.7 173 78.6 70.8 7.1 63.7
106 48.2 43.4 4.3 39.0 174 79.1 71.2 7.1 64.1
107 48.6 43.8 4.4 39.4 175 79.5 71.6 7.2 64.4
108 49.1 44.2 4.4 39.8 176 80.0 72.0 7.2 64.8
109 49.5 44.6 4.5 40.1 177 80.5 72.4 7.2 65.2
110 50.0 45.0 4.5 40.5 178 80.9 72.8 7.3 65.5
111 50.5 45.4 4.5 40.9 179 81.4 73.2 7.3 65.9
112 50.9 45.8 4.6 41.2 180 81.8 73.6 7.4 66.3
113 51.4 46.2 4.6 41.6 181 82.3 74.0 7.4 66.6
114 51.8 46.6 4.7 42.0 182 82.7 74.5 7.4 67.0
115 52.3 47.0 4.7 42.3 183 83.2 74.9 7.5 67.4
116 52.7 47.5 4.7 42.7 184 83.6 75.3 7.5 67.7
117 53.2 47.9 4.8 43.1 185 84.1 75.7 7.6 68.1
118 53.6 48.3 4.8 43.4 186 84.5 76.1 7.6 68.5
119 54.1 48.7 4.9 43.8 187 85.0 76.5 7.7 68.9
120 54.5 49.1 4.9 44.2 188 85.5 76.9 7.7 69.2
121 55.0 49.5 5.0 44.6 189 85.9 77.3 7.7 69.6
122 55.5 49.9 5.0 44.9 190 86.4 77.7 7.8 70.0
123 55.9 50.3 5.0 45.3 191 86.8 78.1 7.8 70.3
124 56.4 50.7 5.1 45.7 192 87.3 78.5 7.9 70.7
125 56.8 51.1 5.1 46.0 193 87.7 79.0 7.9 71.1
126 57.3 51.5 5.2 46.4 194 88.2 79.4 7.9 71.4
127 57.7 52.0 5.2 46.8 195 88.6 79.8 8.0 71.8
128 58.2 52.4 5.2 47.1 196 89.1 80.2 8.0 72.2
129 58.6 52.8 5.3 47.5 197 89.5 80.6 8.1 72.5
130 59.1 53.2 5.3 47.9 198 90.0 81.0 8.1 72.9
131 59.5 53.6 5.4 48.2 199 90.5 81.4 8.1 73.3
132 60.0 54.0 5.4 48.6 200 90.9 81.8 8.2 73.6
133 60.5 54.4 5.4 49.0 201 91.4 82.2 8.2 74.0
134 60.9 54.8 5.5 49.3 202 91.8 82.6 8.3 74.4
135 61.4 55.2 5.5 49.7 203 92.3 83.0 8.3 74.7
136 61.8 55.6 5.6 50.1 204 92.7 83.5 8.3 75.1
137 62.3 56.0 5.6 50.4 205 93.2 83.9 8.4 75.5
138 62.7 56.5 5.6 50.8 206 93.6 84.3 8.4 75.8
139 63.2 56.9 5.7 51.2 207 94.1 84.7 8.5 76.2
140 63.6 57.3 5.7 51.5 208 94.5 85.1 8.5 76.6
141 64.1 57.7 5.8 51.9 209 95.0 85.5 8.6 77.0
142 64.5 58.1 5.8 52.3 210 95.5 85.9 8.6 77.3
143 65.0 58.5 5.9 52.7 211 95.9 86.3 8.6 77.7
144 65.5 58.9 5.9 53.0 212 96.4 86.7 8.7 78.1
145 65.9 59.3 5.9 53.4 213 96.8 87.1 8.7 78.4
146 66.4 59.7 6.0 53.8 214 97.3 87.5 8.8 78.8
147 66.8 60.1 6.0 54.1 215 97.7 88.0 8.8 79.2
148 67.3 60.5 6.1 54.5 216 98.2 88.4 8.8 79.5
149 67.7 61.0 6.1 54.9 217 98.6 88.8 8.9 79.9
150 68.2 61.4 6.1 55.2 218 99.1 89.2 8.9 80.3
151 68.6 61.8 6.2 55.6 219 99.5 89.6 9.0 80.6
152 69.1 62.2 6.2 56.0 220 100.0 90.0 9.0 81.0
153 69.5 62.6 6.3 56.3 >220 100.0 90.0 9.0 81.0
154 70.0 63.0 6.3 56.7
155 70.5 63.4 6.3 57.1

Wt (lb) Wt (kg) Total IV dose 10% Bolus 90% Infusion 90% Infusion10% BolusTotal IV doseWt (kg)Wt (lb)

0.9 mg/kg tPA Dosing Chart
(total IV dose = 0.9 mg/kg, 10% of dose given as bolus, 90% as infusion. Maximum dose is 90 mg)
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PROCEDURE FOR PREPARING tPA(alteplase) for Ischemic Stroke
Materials list: ALTEPLASE (tPA) Tackle box
2 boxes of 50 mg alteplase-tPA (Activase) contains 50 mg drug and 50 ml diluent (water)
2 dispensing pins
3 luer lock 60 ml syringes
1 syringe 10 ml for bolus
18 gauge syringes
1 empty 100 ml IV bag
alcohol wipes
preprinted labels for bolus dose and infusion dose
Dosing tables for both 0.6 mg/kg and 0.9 mg/kg protocols_____________________________________
STEPS FOR MIXING:
1. Verify patient name and weight and stroke protocol with stroke neurologist.
PROTOCOLS: 0.6 mg/kg, MAX. TOTAL DOSE = 60 mg (15% IV bolus, 85% IV infusion over 30 min)

            OR  0.9 mg/kg , MAX. TOTAL DOSE = 90  mg (10% IV bolus, 90% IV infusion over 60 min)

            **if  neurologist indicates it is a STROKE STUDY (i.e. IMS II), THIS COMES FROM
PHARMACY  and neurologist should contact pharmacy directly (ext 22107).

2. Get drug from Pyxis-Access under ALTEPLASE (tPA) 50 mg. The screen will say that you are
taking two vials – this equals one ALTEPLASE TACKLE BOX – go ahead and enter that you are
taking two vials – if you only use one, it should be returned for credit later (see details later).  The
door will open and you will see the tackle box labeled ALTEPLASE (tPA) box. It contains
everything you need for mixing and preparing the doses only (including written info on
calculating dosing).

3. Using enclosed dosing sheet (or calculating doses using appropriate protocol – see reverse side for
details), choose appropriate protocol (0.6 mg/kg or 0.9 mg/kg). Locate weight  of patient-read
across for total dose (note wt. is in lbs 1st column, kg 2nd  column). This will tell you how many
vials you will have to reconstitute (50 mg or less = 1 vial, >50 mg = 2 vials).

4. Take the vial(s) – there will be two doses (boxes) of alteplase (tPA) in the tackle box (each box with
one vial of alteplase powder (tPA) 50 mg and one vial of sterile water (diluent) 50 ml). Locate
dispensing pin,  remove plastic cover from spike and spike water vial. Unscrew cap from
dispensing pin, take luer lock 60 ml syringe and screw into top. Withdraw 50 ml water from vial.
Remove syringe and dispensing pin as unit and spike alteplase (tPA) vial.  Allow water to flow
into vial or gently push water into powder vial (don’t push too hard – it will bubble too
much). Repeat if second vial needed. Do not discard dispensing pin!
****DO NOT SHAKE TO HURRY DISSOLVING – IT WILL INCREASE BUBBLING**
         SWIRL GENTLY TO AVOID BUBBLES

5. While alteplase (tPA) is dissolving, grab the protocol sheet, find the doses you need to draw up,
locate the bolus label and IV infusion label.   Write patient name and doses on each label.

6. Make sure alteplase (tPA) is dissolved (clear, minimal foam, bubbles). Take labeled 10 ml syringe
and withdraw IV bolus dose from vial.

7. Locate empty IV bag, label with IV infusion label. With 60 ml syringe, withdraw dose from
vial(s) and inject into empty IV bag using 18 gauge needle.

8. ****Verify IV bolus dose, IV infusion dose, and alteplase (tPA) to be discarded (waste) with
another RN prior to infusion.

9. IF ONLY ONE VIAL OF ALTEPLASE (tPA) USED ON PATIENT, RETURN SECOND VIAL
TO PYXIS SO PATIENT GETS CREDIT.  LEAVE USED BOX ON TOP OF PYXIS SO
PHARMACY PERSONNEL CAN FIND TO TAKE BACK AND REFILL.  NOTIFY
PHARMACY THAT ALTEPLASE BOX NEEDS REFILLING, BY PHONE, FAX OR TUBE.

10. ******NOTIFY PHARMACY IF YOU NOTICE ALTEPLASE (tPA) BOX DOES NOT HAVE
LOCKS!!!!!!! IF IT IS NOT LOCKED, IT SHOULD BE REPLACED BY PHARMACY!!

11. IF ALTEPLASE IS NOT USED FOR SOME REASON, PLEASE RETURN TO PHARMACY
AFTER CREDITING PATIENT. WE NEED VIAL TO GET CREDIT FROM DRUG
COMPANY. ANY QUESTIONS  CALL PHARMACY EXT. 22107
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CLINICAL ASSESSMENT AND STROKE
SEVERITY SCALES

The Glasgow Coma Scale is useful for some patients
with subarachnoid hemorrhage, large intracerebral
hemorrhage, and a minority of ischemic strokes. 
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REFERENCE
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Appendix  20/7/06  8:52 am  Page 70



The NIH Stroke Scale (NIHSS) has become a
widely accepted tool for assessing stroke severity. It
can be easily completed by nurses and/or physicians
in 5–10 minutes. On-line training is available from
the American Stroke Association (asa.trainingcam-
pus.net) and through NIH (ninds.nih.gov/doctors/
stroke_scale_training.htm). As discussed in Chapter
2, all the nurses in the ED, intensive care units
(ICUs), and Stroke Center are certified to use the

NIHSS at Saint Luke’s Hospital. The NIHSS is
routinely done on admission to the ED, before and
after any intervention, at 24 hours, and at discharge.
More frequent assessments can be done if the
patient’s clinical condition is unstable. Two versions
are included here. The first includes the detailed
instructions and the second is a more streamlined
version that can be used after the clinicians are famil-
iar with the use of the scale.

APPENDIX 

71

Mid America Brain and Stroke Institute
NIH STROKE SCALE WORKSHEET
Obtained from Web Site: www.strokecenter.org

Administer stroke scale items in the order listed.  Record performance in each category after each subscale exam. Follow directions
provided for each exam technique.  Scores should reflect what the patient does, not what the clinician thinks the patient can do. Except
where indicated, the patient should not be coached (i.e., repeated requests to patient to make a special effort).

Instructions Scale Definition Admission
Score

24 Hour
Score

Discharge
Score

1a. Level of Consciousness: The investigator must

choose a response, even if a full evaluation is

prevented by such obstacles as an endotracheal

tube, language barrier, orotracheal

trauma/bandages.  A 3 is scored only if the patient

makes no movement (other than reflexive

posturing) in response to noxious stimulation.

0 = Alert; keenly responsive.

1 = Not alert; but arousable by minor

stimulation to obey, answer, or respond.

2 = Not alert; requires repeated stimulation

to attend, or is obtunded and requires

strong or painful stimulation to make

movements (not stereotyped).

3 = Responds only with reflex motor or

autonomic effects or totally unresponsive,

flaccid, and flexic.

1b. LOC Questions: The patient is asked the

month and his/her age.  The answer must be correct

– there is no partial credit for being close.  Aphasic

and stuporous patients who do not comprehend

the questions will score 2.  Patients unable to

speak because of any cause, language barrier or

any other problem not secondary to aphasia are

given a 1.  It is important that only the initial

answer be graded and the examiner not “help” the

patient with verbal or non-verbal cues.

0 = Answers both questions correctly.

1 = Answers one question correctly.

2 = Answers neither question correctly.

1c. LOC Commands: The patient is asked to open

and close the eyes and then to grip and release the

non-paretic hand.  Substitute another one step

command if the hands cannot be used.  Credit is

given if an unequivocal attempt is made but not

completed due to weakness.  If the patient does

not respond to command, the task should be

demonstrated to them (pantomine) and score the

result (i.e., follows none, one or two commands).

Patients with trauma, amputation, or other

physical impediments should be given suitable

one-step commands.  Only the first attempt is

scored.

0 = Performs both tasks correctly.

1 = Performs one task correctly.

2 = Performs neither task correctly.

2. Best Gaze: Only horizontal eye movements will

be tested.  Voluntary or reflexive (oculocephalic)

eye movement will be scored but caloric testing is

not done.  If the patient has a conjugate deviation

of the eyes that can be overcome by voluntary or

reflexive activity, the score will be 1.  If a patient

has an isolated peripheral nerve paresis (CN III, IV

or VI) score a 1.  Gaze is testable in all aphasic

patients.  Patients with ocular trauma, bandages,

pre-existing blindness or other disorder of visual

acuity or fields should be tested with reflexive

movements and a choice made by the

investigator.   Establishing eye contact and then

moving about the patient from side to side will

occasionally clarify the presence of a partial gaze

palsy.

0 = Normal.

1 = Partial gaze palsy; gaze is abnormal in

one or both eyes, but forced deviation

or total gaze paresis is not present.

2 = Forced deviation, or total gaze paresis not

overcome by the oculocephalic maneuver.

Patient Label
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Page 2 of 8 Admission
Score

24 Hour
Score

Discharge
Score

3. Visual: Visual field (upper & lower quadrants)

are tested by confrontation, using finger counting

or visual threat is appropriate.  Patient must be

encouraged, but if they look at the side of the

moving fingers appropriately, this can be scored

as normal.  If there is unilateral blindness or

enucleation, visual fields in the remaining eye are

scored.  Score 1 only if a clear-cut asymmetry,

including quandrantanopia is found.  If patient is

blind from any cause score 3.  Double

simultaneous stimulation is performed at this

point.  If there is extinction patient receives a 1

and the results are used to answer question 11.

0 = No visual loss.

1 = Partial hemianopia.

2 = Complete hemianopia.

3 = Bilateral hemianopia (blind including
cortical blindness).

4. Facial Palsy: Ask, or use pantomine to

encourage the patient to show teeth or raise

eyebrows and close eyes:  Score symmetry of

grimace in response to noxious stimuli in the

poorly responsive or non-comprehending patient.

If facial trauma/bandages, orotracheal tube, tape or

other physical barrier obscures the face, these

should be removed to the extent possible.

0 = Normal symmetrical movements.

1 = Minor paralysis (flattened nasolabial

fold, asymmetry on smiling).

2 = Partial paralysis (total or near-total

paralysis of lower face).

3 = Complete paralysis of one or both sides

(absence of facial movement in the upper and

lower face).

5. Motor Arm: The limb is placed in the

appropriate position: extend the arms (palms

down) 90 degrees (if sitting) or 45 degrees (if

supine). Drift is scored if the arm falls before 10

seconds. The aphasic patient is encouraged using

urgency in the voice and pantomime, but not

noxious stimulation. Each limb is tested in turn,

beginning with the non-paretic arm. Only in the

case of amputation or joint fusion at the shoulder,

the examiner should record the score as untestable

(UN), and clearly write the explanation for this

choice.

0 = No drift; limb holds 90 (or 45) degrees

for full 10 seconds.

1 = Drift; limb holds 90 (or 45) degrees,

but drifts down before full 10

seconds; does not hit bed or other

support.

2 = Some effort against gravity; limb

cannot get to or maintain (if cued)

90 (or 45) degrees, drifts down to

bed, but has some effort against

gravity.

3 = No effort against gravity; limb falls.

4 = No movement.
UN = Amputation or joint fusion, explain:

______________________________________

__

5a. Left Arm

5b.  Right Arm
6. Motor Leg: The limb is placed in the

appropriate position: hold the leg at 30 degrees

(always tested supine). Drift is scored if the leg

falls before 5 seconds. The aphasic patient is

encouraged using urgency in the voice and

pantomime, but not noxious stimulation. Each

limb is tested in turn, beginning with the non-

paretic leg. Only in the case of amputation or joint

fusion at the hip, the examiner should record the

score as untestable (UN), and clearly write the

explanation for this choice.

0 = No drift; leg holds 30-degree position

for full 5 seconds.

1 = Drift; leg falls by the end of the 5-

second period but does not hit bed.

2 = Some effort against gravity; leg falls

to bed by 5 seconds, but has some

effort against gravity.

3 = No effort against gravity; leg falls to

bed immediately.

4 = No movement.
UN = Amputation or joint fusion, explain:

______________________________________

__

6a. Left Leg

6b. Right Leg

Patient Label
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Score Score Score
7. Limb Ataxia: This item is aimed at finding

evidence of a unilateral cerebellar lesion. Test with

eyes open. In case of visual defect, ensure testing

is done in intact visual field. The finger-nose-

finger and heel-shin tests are performed on both

sides, and ataxia is scored only if present out of

proportion to weakness. Ataxia is absent in the

patient who cannot understand or is paralyzed.

Only in the case of amputation or joint fusion, the

examiner should record the score as untestable

(UN), and clearly write the explanation for this

choice. In case of blindness, test by having the

patient touch nose from extended arm position.

0 = Absent.

1 = Present in one limb.

2 = Present in two limbs.

UN = Amputation or joint fusion, explain:

____________________________________

8. Sensory: Sensation or grimace to pin prick

when tested, or withdrawal from noxious stimulus

in the obtunded or aphasic patient. Only sensory

loss attributed to stroke is scored as abnormal and

the examiner should test as many body areas (arms

(not hands), legs, trunk, face) as needed to

accurately check for hemisensory loss.  A score of

2, ‘severe or total’ should only be given when a

severe or total loss of sensation can be clearly

demonstrated.  Stuporous and aphasic patients

will therefore probably score 1 or 0.  The patient

with brain stem stroke who has bilateral loss of

sensation is scored 2.  If the patient does not

respond and is quadriplegic score 2.  Patients in

coma (item 1a = 3) are arbitrarily given a 2 on this

item.

0 = Normal; no sensory loss.

1 = Mild-to-moderate sensory loss;

patient feels pinprick is less sharp

or is dull on the affected side; or

there is a loss of superficial pain

with pinprick, but patient is aware

of being touched.

2 = Severe to total sensory loss; patient is not

aware of being touched in the face, arm, and

leg.

9. Best Language: A great deal of information

about comprehension will be obtained during the

preceding sections of the examination.  The

patient is asked to describe what is happening in

the attached picture, to name the items on the

attached naming sheet, and to read from the

attached list of sentences.  Comprehension is

judged from responses here as well as to all of the

commands in the preceding general neurological

exam.  If visual loss interferes with the tests, ask

the patient to identify objects placed in the hand,

repeat, and produce speech.  The intubated patient

should be asked to write.  The patient in coma

(question 1a = 3) will arbitrarily score 3 on this

item.  The examiner must choose a score in the

patient with stupor or limited cooperation but a

score of 3 should be used only if the patient is

mute and follows no one step commands.

0 = No aphasia, normal

1 = Mild to moderate aphasia; some obvious

loss of fluency or facility of comprehension,

without significant limitation on ideas

expressed or form of expressions.  Reduction

of speech and/or comprehension, however,

makes conversation about provided material

difficult or impossible.  For example in

conversation about provided materials

examiner can identify picture or naming card

from patient’s response.

2 = Severe aphasia; all communication is

through fragmentary expression; great need

for inference, questioning, and guessing by

the listener.  Range of information that can be

exchanged is limited; listener carries burden

of communication.  Examiner cannot identify

materials provided from patient response.

3 = Mute, global aphasia; no usable speech or

auditory comprehension.

Patient Label

Page 3 of 8 Admission 24 Hour Discharge
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Page 4 of 8 Admission
Score

24 Hour
Score

10. Dysarthria: If patient is thought to be normal,

an adequate sample of speech must be obtained by

asking patient to read or repeat words from the

attached list. If the patient has severe aphasia, the

clarity of articulation of spontaneous speech can

be rated. Only if the patient is intubated or has

other physical barriers to producing speech, the

examiner should record the score as untestable

(UN), and clearly write an explanation for this

choice. Do not tell the patient why he or she is

being tested.

0 = Normal.
1 = Mild-to-moderate dysarthria; patient

slurs at least some words and, at worst,

can be understood with some

difficulty.

2 = Severe dysarthria; patient's speech is

so slurred as to be unintelligible in the

absence of or out of proportion to any

dysphasia, or is mute/anarthric.

UN = Intubated or other physical barrier,

explain:_____________________________

11. Extinction and inattention (formerly
Neglect): Sufficient information to identify

neglect may be obtained during the prior testing.

If the patient has a severe visual loss preventing

visual double simultaneous stimulation, and the

cutaneous stimuli are normal, the score is normal.

If the patient has aphasia but does appear to attend

to both sides, the score is normal.  The presence of

visual spatial neglect or anosagnosia may also be

taken as evidence of abnormality.  Since the

abnormality is scored only if present, the item is

never untestable.

0 =No Neglect.
1 = Visual, tactile, auditory, spatial, or personal

inattention or extinction to bilateral

simultaneous stimulation in one of the

sensory modalities.

2 = Profound hemi-inattention or hemi-
inattention to more than one modality.  Does

not recognize own hand or orients to only one

side of space.

                                                                                                                   

           

Admitting RN Signature Administering  Scale  _____________________________________

24 Hour RN Signature Administering Scale ________________________________________

Discharging RN Signature Administering Scale _____________________________________

Patient Label

Discharge
score

TOTAL NIHSS SCORE
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You know how.

Down to earth.

I got home from work.

Near the table in the dining room.

They heard him speak on the radio last
night.

Page 7 of 8
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MAMA

TIP – TOP

FIFTY – FIFTY

THANKS

HUCKLEBERRY

BASEBALL PLAYER

Page 8 of 8
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No neglect
Partial neglect

Profound neglect

(Eyes open – patient follows examiner’s
fingers/face)

(Introduce visual stimulus (or threat) to
patient’s visual field quadrants)

(Elevate extremity to 30° and score
drift/movement)

(Pinprick to face, arm [trunk] and leg –
compare side to side)
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The Canadian Stroke Scale (CSS) and the
Scandinavian Stroke Scale (SSS) have been used in

many research trials and share some features with the
NIHSS.
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THE CANADIAN STROKE SCALE (CSS)

Item Score Item Score
(in points) (in points)

Level of consciousness Motor function (scoring if 
Alert 3 comprehension is impaired)
Drowsy 1.5 Face

Symmetricl 0.5
Orientation Asymmetrical 0

Oriented 1 Arms
Disoriented, not applicable 0 Equal 1.5

Unequal 0
Language Legs

Normal 1 Equal 1.5
Expressive deficit 0.5 Unequal 0
Receptive deficit 0

Motor function (scoring if normal
comprehension)

Face
No facial weakness 0.5
Facial weakness present 0
Proximal arm
No weakness 1.5
Mild weakness 1
Significant weakness 0.5
Paralysis 0
Distal arm
No weakness 1.5
Mild weakness 1
Significant weakness 0.5
Paralysis 0
Proximal leg
No weakness 1.5
Mild weakness 1
Significant weakness 0.5
Paralysis 0
Distal leg
No weakness 0
Mild weakness 1
Significant weakness 0.5
Paralysis 0
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SCANDINAVIAN STROKE SCALE (SSS)

Item Score Item Score
(in points) (in points)

Consciousness Orientation
Fully conscious 6 Correct for time, place and person 6
Somnolent, can be awaked to 2 of these 4

full consciousness 4 1 of these 2
Reacts to verbal command, but is Completely disorientated 0

not fully conscious 2
Speech

Eye movement No aphasia 10
No gaze palsy 4 Limited vocabulary or incoherent
Gaze palsy present 2 speech 6
Conjugate eye deviation 0 More than yes/no, but not longer

sentences 3
Arm, motor power* Only yes/no or less 0

Raises arm with normal strength 6
Raises arm with reduced strength 5 Facial palsy
Raises arm with flexion in elbow 4 None-dubious 2
Can move, but not against gravity 2 Present 0
Paralysis 0

Gait
Hand, motor power* Walks 5 m without aids 12

Normal strength 6 Walks with aids 9
Reduced strength in full range 4 Walks with help of another person 6
Some movement, fingertips do not Sits without support 3

reach palm 2 Bedridden/wheelchair 0
Paralysis 0

Leg, motor power*
Normal strength 6
Raises straight leg with reduced

strength 5
Raises leg with flexion of knee 4
Can move, but not against gravity 2
Paralysis 0

*Motor power is assessed only on the affected side
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The Saint Luke’s Stroke Center also uses a neuro
assessment flowsheet when more frequent evaluations
are needed.

The Functional Index Measure (FIM) is widely
used in stroke rehabilitation. It is copyrighted and
cannot be reproduced.
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OUTCOMES

There are many methods to measure stroke
outcomes. The NIHSS at 24 hours and at discharge
is a good predictor of overall clinical outcome. Most

clinical trials use the Modified Rankin Scale (mRS)
and/or the Barthel Index (BI) at 90 days as the
standard assessment for clinical outcome. Both of
these can be done over the phone if necessary.
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CLINICAL PATHS AND ORDER SETS

At the Saint Luke’s Stroke Center the clinical paths
are used by the nurses as a charting tool. Each clini-
cal path has an associated order set used by the physi-
cians. 

The Stroke Group at the NINDS led by Dr Steve
Warach has developed an ischemic stroke pathway
that is updated yearly. It is not available on their
website. Included here is the clinical path from that
document.
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Patient Label
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STROKE DATABASE

There are several commercially available stroke
databases, as previously mentioned (Chapter 2).

Some centers will want to develop a custom database.
Included here is the Saint Luke’s Stroke Database
which might be a useful guide.
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NURSING EDUCATION

Developing the critical thinking skills and clinical
expertise of the nurses in the stroke center is a vital

element in the success of the program. The content
of three educational programs developed by the Saint
Luke’s Stroke Team is summarized here. These are
presented twice a year.
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acute interventions  25–30
intracerebral hemorrhage  29
ischemic stroke  25–9

combination IV/IA tPA  28
intra-arterial tPA  28
intravenous tPA  25–7
mechanical devices  28–9
neuroprotection  29
post-tPA management  27–8

subarachnoid hemorrhage  29
acute stroke treatment  1–2
alcoholism  47
antiplatelet therapy  48
antithrombotics  33
ascending aortic arch atheroma  46
aspirin  48
Association of Clinical Research Professionals  9
atherosclerosis  43–5
atrial fibrillation  45
atrial septal aneurysm  45

Barthel Index  85–6
beds  11
bilateral arm training rhythmic auditory cueing

(BATRAC)  56–7
bladder and bowel training  39
blood pressure control  32–3
board committee meetings  11
Brain Attack Coalition  3

Canadian Stroke Scale  80
cardiac telemetry  32
cardioembolism  45–6
cardiovascular risk factors  46–7

alcoholism  47
diabetes  46–7
hyperlipidemia  47
hypertension  46
obesity  47
tobacco use  47

care paths  12
carotid artery disease  9
Cincinnati Prehospital Stroke Scale  61
clinical assessment and stroke severity scales  70–83
clinical operations meetings  10
clinical paths and order sets  87–105
clinical team  6–8
clopidogrel  48
communication  19
complications  37–41

constipation  38
deep vein thrombosis and pulmonary embolism  39
discharge planning  40
falls  40
infections  37–8

pneumonia  37–8
urinary tract  38

musculoskeletal  39–40
nutritional compromise  38–9
seizures  37
skin breakdown  40

congestive heart failure  45
constipation  38
constraint-induced movement therapy  55
core leadership team  5
cryptogenic stroke  46

deep vein thrombosis  33, 39
diabetes  46–7, 96
discharge planning  40
dysphagia  38
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This illustrated text presents the reader with an overview of the best-practice management
protocols for acute stroke. For senior staff, the book describes key considerations in
establishing and running an acute stroke facility, and for other members of the care team, how
their role within that service can be performed most effectively.
Covering clinical and administrative procedures, the text is intended to provide all members
of the team with an accessible guide to patient management, encompassing initial presentation,
rapid response and emergency interventions, through to hospital-based procedures and
neuro-critical care. Additional chapters review the latest thinking on rehabilitation and
recovery. An Appendix contains a wide range of clinical scales and tools for evaluating and
managing stroke patients.The objective is to provide readers with a reference that will enable
them to establish or manage more efficiently a facility of their own, or to participate more
effectively as part of a multi-disciplinary care team.
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