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A systems approach to stroke care is a multidisciplinary team strategy with the
goal of reducing stroke risk. This strategy may start with community-based pri-
mary prevention education. For individuals who experience stroke, the inpatient
component of a stroke system is designed to integrate evidence-based acute
treatment and secondary prevention strategies. A key component to stroke sys-
tems care is the use of standardized, evidence-based treatment protocols. During
the acute (or subacute) phase of care, the team must be prepared to prevent
stroke progression, prevent complications of stroke, manage comorbidities, and
reduce the risk of secondary stroke. Hospitalists may take a leadership role both
in establishing stroke systems protocols at their institutions and in providing
inpatient care for stroke patients. The objective of this article is to review the
components of inpatient stroke systems, with a focus on care of patients with
noncardioembolic ischemic stroke. Methods to minimize common barriers to
establishing stroke systems programs are also presented. Journal of Hospital
Medicine 2008;3(4 Suppl):$29-S35. © 2008 Society of Hospital Medicine.
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espite the considerable national attention drawn to the need

for improved secondary stroke prevention, a gap remains
between evidence and application for stroke and other vascular
events. Experience with the Coverdell stroke registry has shown
that a minority of acute stroke patients receive the care recom-
mended in established guidelines.! Data collected from 4 registry
centers in the United States showed a consistent lack of appro-
priate diagnostics, patient education, and initiation of drug
therapies proven to reduce the risk of recurrent stroke.

According to a report from the Committee on the Quality of
Healthcare in America published in 2001, suboptimal treatment
as well as inefficient use of health resources can be largely
attributed to fragmentation of health care delivery in the man-
agement of various diseases in the United States.” In response to
these findings, the American Stroke Association (ASA) has estab-
lished recommendations for the development of stroke systems
of care. The objective of a systems approach is to integrate pre-
ventive and treatment services and provide patients with evi-
dence-based care.”

During hospitalization for acute stroke, immediate treatment
must focus on minimizing stroke progression, avoiding common
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complications, and preventing recurrent stroke.
Prior to discharge, patients need to be educated
about the importance of lifestyle modifications
and pharmacotherapies to reduce their risk of a
recurrence of the stroke and other atherosclerotic
vascular events.> As the physicians who focus on
inpatient care, hospitalists are likely to be respon-
sible for participating in and coordinating the
multidisciplinary team that provides treatment
and services to stroke patients. Hospitalists also
must facilitate the transition from inpatient to
outpatient care. Hospitalists are in a position to
help educate stroke patients about prevention
strategies throughout the hospitalization period.
These functions provide hospitalists with the op-
portunity to lead, coordinate, and participate in
stroke systems care at their institutions.

The present article discusses the components
of stroke systems care recommended by the ASA
and the best-practices recommendations from the
recent hospitalist roundtable discussion on rou-
tine acute stroke care. The national treatment
guidelines and clinical trials supporting the
recommendations of the hospitalist roundtable
participants have been discussed in the article in
this supplement by Dr. Likosky et al, as well as in
the patient scenarios article in this supplement by
Dr. Lee et al. Some of the anticipated barriers and
pitfalls that may be encountered, along with
potential solutions, are also discussed. Hospitalists
may be able to use this review to adapt feasible
components of the systems care for stroke man-
agement to improve care at their institutions.

WHAT IS STROKE SYSTEMS CARE?

A stroke system is coordinated stroke care along
the entire continuum from primary prevention to
rehabilitation. Post-emergency department inpati-
ent care for patients with acute stroke, also
referred to as subacute care, is only one compo-
nent of the community-based stroke systems of
care recommended by the ASA (Fig. 1).2 In this
model, regional stroke systems identify hospitals
that are “acute stroke capable” and determine that
those institutions use clinical pathways that reflect
well-established standards of care and nationally
recognized guidelines.® In this broad sense of the
term, stroke systems function to organize and
coordinate the various agencies and health care
providers responsible for caring for patients with
stroke, from the first call to emergency services
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FIGURE 1. Components of stroke systems care of patients with stroke
with hospitalist-based inpatient management.

through postdischarge medical care and rehabili-
tation (Table 1). The subacute phase of care pro-
vides the bridge from management of the medical
emergency to discharge and is central to second-
ary stroke prevention.

RATIONALE FOR HOSPITAL-BASED STROKE SYSTEMS
The Preventing Recurrence of Thrombo-embolic
Events through Coordinated Treatment (PROTECT)
program provides proof of concept.* The PRO-
TECT program was implemented at a large teach-
ing hospital to improve diagnosis, treatment, and
secondary prevention for patients with ischemic
stroke.* Four medication goals and instruction in
4 lifestyle interventions were chosen as indicators
of program impact. In the first year after PRO-
TECT was started, 100% of eligible patients
received instruction in all 4 areas of lifestyle
change prior to discharge. In the year following



TABLE 1
Three Critical Functions of a Stroke System as Recommended by the
American Stroke Association

TABLE 2
Barriers and Solutions to Implementing In-Hospital Secondary
Prevention Strategies

1. Ensure effective interaction and collaboration among agencies, services, and
people involved in providing prevention and timely identification, transport,
treatment, and rehabilitation of individual stroke patients in a locality or region.

2. Promote the use of an organized standardized approach at each facility and
component of the system.

3. Identify performance measures (both process and outcomes measures) and
include a mechanism for evaluating the effectiveness through which the entire
system and its individual components continue to evolve and improve.

Text reprinted with permission from Schwamm LH et al. Circulation. 2005;111:1078-1091.°

implementation of PROTECT, the rate of appropri-
ate prescribing of antithrombotics was 98%.
Appropriate prescribing of angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs), statins, and thiazide diuretics was
significantly increased from pre-PROTECT levels.
After 3 months of follow-up, patient adherence to
therapy remained high.” The final results of the
PROTECT program are not yet available; however,
it is reasonable to expect that increased use of evi-
dence-based therapy and good patient adherence
to these proven therapies will have led to better
patient outcomes, including lower rates of recur-
rent stroke.

Patient outcomes data are available for a
related initiative for treatment of patients hospita-
lized with myocardial infarction. Compared with
the year prior to implementation of the Cardiac
Hospitalization Atherosclerotic Management Pro-
gram (CHAMP), more patients who were involved
in the CHAMP intervention achieved low-density
lipoprotein cholesterol levels </=100 mg/dL (6%
vs 58%, P < .001). In addition, these patients
achieved a 57% reduction in recurrent myocardial
infarction.®

These 2 studies indicate a benefit of establish-
ing hospital-based stroke systems; however, these
studies are the initial steps, and each has limita-
tions. For example, neither study was a prospec-
tive, randomized trial with a concurrent control
group.“'6 In addition, PROTECT data were not
evaluated by independent audit but by individuals
who were aware of the program goals, and limited
data were available regarding contraindications to
therapy.! CHAMP did not assess adherence to
nonpharmacologic interventions or the effect of
surgical interventions.® Large, randomized, con-
trolled trials are needed to better understand the

Barriers Solutions

1. Lack of proof of concept. 1. PROTECT demonstrates improved
stroke care.

2. View hospital as capture point for
patients with chronic diseases.

3. JCAHO/NCQA will measure and
report to payers.

4. Education and mobilization of case

management teams.

2. Lack of ownership: acute versus
chronic disease dilemma.
3. Lack of financial incentives.

4. Communication gaps—neurologists,
hospitalists, and primary care
physicians.

5. Poor standardization of orders and
testing procedures.

6. Lack of tools and resources.

5. Written protocols for diagnosis and
treatment; written orders.

6. JCAHO, “Get with the Guidelines,”
and PROTECT Web sites.

JCAHO, Joint Commission on Accreditation of Healthcare Organizations; NCQA, National Committee
for Quality Assurance; PROTECT, Preventing Recurrent Thromboembolic Events Through Coordi-
nated Treatment.

impact of such systems. Although larger evidence-
based trials are needed, it is important to review
available information on stroke systems to adapt
those components that align with each institu-
tion’s available resources.

ESTABLISHING HOSPITAL-BASED STROKE SYSTEMS
Several barriers exist to establishing a stroke sys-
tems care program, as detailed in Table 2. The
support and involvement of the hospital adminis-
tration is essential to success, as is multidisciplin-
ary agreement that such a program will benefit
patients.

Other potential points of resistance revolve
around the financial impact of implementing a
stroke systems approach to care. The proposed
stroke systems care plan is consistent with meet-
ing nationally recognized quality improvement
standards; however, the current health care market
forces demand accountability for health care
expenditures. Increasingly, payers are turning to
the Joint Commission on Accreditation of Health-
care Organizations (JCAHO) and the National
Committee for Quality Assurance (NCQA) evalua-
tions to determine quality of care at various
institutions. These programs encourage the use of
standardized treatment protocols consistent with
the concept of systems approach to care. More-
over, stroke care is a JCAHO quality measure and
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thus may have a financial impact on hospitals. It
is possible that implementing standardized proce-
dures for stroke care may reduce the cost of care.
Information about the JCAHO Disease Specific
Certification for Acute Stroke Care can be
accessed at http://www.jointcommission.org/.”

Once there is agreement that a stroke system
should be developed, a multidisciplinary team
should be established. A multidisciplinary team
may include hospitalists, neurologists, neurosur-
geons, emergency medicine physicians, diagnostic
and interventional radiologists, nurses, phy-
siotherapists, occupational therapists, speech and
language therapists, and social workers. However,
the components of the multidisciplinary team
may vary depending on the available staff and fi-
nancial resources at different stroke centers.
Assuring all participants in the system that their
input is valued can improve communication
among stroke specialists, hospitalists, and primary
care clinicians. This team is responsible for eva-
luation of current procedures and development of
algorithms, discharge forms, patient education,
and preprinted orders.

The task of developing a cohesive plan for
stroke care may appear onerous. Existing diagnos-
tic and treatment procedures may be poorly
designed or organized. However, multiple online
sources provide tools for every aspect of stroke
systems care. Information about evidence-based
stroke care practices is available as part of the
American Heart Association (AHA)/ASA “Get
with the Guidelines—Stroke” program and can be
accessed at http://www.strokeassociation.org.?
Standardized admission orders, patient education
materials, and data-monitoring methods are avail-
able at this site. Hospitalist-specific information
may also be found in the Stroke Resource Room
of the Society of Hospital Medicine Web site
(http:/ /www.hospitalmedicine.org).9 A similar
array of tools can be found at the PROTECT Web
site (http:// s’urokeprotect.mednet.ucla.edu).10 These
materials are designed to facilitate integration of
secondary prevention practices into stroke sys-
tems care.

A stroke system of care is a dynamic process.
The multidisciplinary team may also be responsi-
ble for continuous monitoring and reporting of
the efficiency and impact of the system and pro-
viding feedback to other staff and administration.
Protocols should be revised regularly to account
for new evidence-based treatments and to stream-

$32 Journal of Hospital Medicine Vol 3 / Supplement 4 / 2008

line their use. The Canadian Stroke Systems Coali-
tion recommends that a comprehensive and
efficient system include prevention, prehospital
and emergency care, hospital care, rehabilitation,
reintegration into the community, surveillance,
and research.!' Hospital staff should be educated
in core competencies in hospital medicine as well
as any changes to protocols made over time. Pro-
tocols that facilitate communication among health
care providers should also be developed, and hos-
pitalists may play a central role in this process.
Accurate and timely transfer of patient informa-
tion from the emergency department to the stroke
center or ward is imperative.

FOCUSING ON INPATIENT CARE

Clinical pathways for inpatient care should be
designed to limit stroke progression as much as
possible.3 The Brain Attack Coalition (BAC) pro-
vides a resource for clinical pathways implemen-
ted at various institutes in the United States,
including the Stanford Stroke Center, the Cleve-
land Clinic Foundation, and Thomas Jefferson
University Hospital, among others (http://stroke-
site.org/pathways/pathways.html).'?> Between 30%
and 40% of acute stroke patients will show signs
of stroke progression in the first week following
stroke onset. Stroke can affect multiple systems,
and symptom progression as a result of cerebral
edema, hemorrhagic conversion, or additional
strokes may require surgical intervention and war-
rants consultation with a neurologist.'?

A neurologist should be available to the stroke
system patients at all times, and ideally, all acute
stroke patients should be evaluated by a neurolo-
gist specializing in the evaluation and treatment
of patients with stroke.'* There are several stroke
scales available to evaluate stroke patients, includ-
ing the Barthel Index, the Glasgow outcome scale,
the Modified Rankin Scale, the National Institutes
of Health Stroke Scale, and the Hunt and Hess
Classification of Subarachnoid Hemorrhage (http://
www.stroke-site.org/stroke_scales/stroke_scales.
html)."® These scales aid in the assessment of
severity of stroke and may be helpful for hospital-
ists and other health care providers to recognize
when a neurology consult is needed. The team
should agree on criteria that indicate a neurological
emergency, such as stroke progression, and other
reasons for immediate consultation with a neurol-
ogist, such as worsening of stroke, stroke in a



young patient, or uncertain diagnosis. These crite-
ria should be included as an established part of
the clinical pathway.

Common complications of stroke, such as
myocardial infarction, deep vein thrombosis, pul-
monary embolism, urinary tract infections, aspira-
tion pneumonia, dehydration, poor nutrition, skin
breakdown, and metabolic disorders, should be
anticipated, and preventive steps should be taken.
The measures to prevent the above complications
of stroke need to be initiated in the emergency
department.®

Management of existing comorbid conditions
is another key part of subacute stroke care. Given
that 85% of all hospitalists have a background in
internal medicine, management of comorbid con-
ditions such as diabetes and hypertension is an
area in which hospitalists have professional com-
petence. Patient history and use of prescription
medications prior to stroke should be reviewed
whenever possible and incorporated into short-
term and long-term treatment plans. Patients with
diabetes in particular may benefit more from rigor-
ous control of blood pressure and lipids compared
with other patients.'®

Secondary stroke prevention should start as
early as considered safe. Diagnosis of stroke sub-
type, often accomplished in the emergency depart-
ment, establishes suitability for antithrombotics
and optimal management strategy. Patients who
receive a diagnosis of stroke secondary to cardi-
oembolic atrial fibrillation should be treated with
an anticoagulant after the acute period. Aspirin can
be used for those individuals unable to use antic-
oagulants.'® For those individuals with stroke of
noncardioembolic origin, particularly those with
atherosclerosis and lacunar or cryptogenic infarcts,
antiplatelet agents are recommended.™

A multimodal prevention strategy is recom-
mended to manage blood pressure and dyslipide-
mia poststroke. An algorithm for managing blood
pressure soon after stroke has been developed by
the PROTECT program (Fig. 2).10 Antihypertensives,
usually a combination of an ACE inhibitor and a
thiazide diuretic, can be initiated at low doses 48-
72 hours after stroke. A longer delay is recom-
mended for patients with large infarcts or evidence
of uncontrolled hypertension. ARBs may be substi-
tuted for ACE inhibitors.'® Target blood pressures
should be determined using the Seventh Report of
the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High

Consider ACEI/ARB and
diuretic interventions
48-72 hours poststroke
(sooner with TIAs)

|

1. PMH of orthostasis

2. Current symptoms

3. Possible medication interactions

4. Medication contraindications

5. BP measurements

6. Worsening of stroke symptoms
in the last 48 hours

In the event of potential
medication interactions or
contraindications, use
alternative agent if applicable,
or else DO NOT start ACEI/
ARB/diuretic

/

Current orthostasis or
hypoperfusion issues

BP <110/60 mm Hg” ] [ Symptomatic ]

hypotension

Recheck - Blackouts

BP with - Excessive tiredness
manual cuff - Excessive sweating

- Lightheadedness

- New-onset palpitations

- New-onset sleep issues

- New/increased headaches

Obtain urine
specific gravity
to check for
dehydration

DO NOT start
ACEI/ARB/diuretict

BP confirmed <110/60 mm Hg and ] [

DO NOT start
no evidence of dehydration

ACEI/ARB/diuretic*

Systolic BP <105 mm Hg,
then DO NOT start
ACEI/ARB/diuretic

Systolic BP 105-110 mm Hg,
then start fixed low-dose
ACEVARB only

*If BP is abave these values, then start low-dose ACEVARB + diuretic.
TRegardless of patient’s BP readings.

STATINS: Please note that unless a patient's total cholesterol level is <135 mg/dL or there
are medication contraindications, patients eligible for full PROTECT participation should
be placed on a statin regardless of low-density lipoprotein cholesterol level.

FIGURE 2. PROTECT antihypertensive treatment algorithm. Adapted with
permission from UCLA Stroke PROTECT Program. Available at http:/stroke-
protect.mednet.ucla.edu; accessed September 12, 2007 (ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood
pressure; LDL, low-density lipoprotein; PMH, past medical history; TIA, tran-
sient ischemic attack).

Blood Pressure.'” In general, even a reduction of
10/5 mm Hg has been shown to be beneficial.'®

Statins are recommended for all patients with ele-
vated serum lipids unless treatment with statins is
contraindicated. The recommended target level for
low-density lipoprotein cholesterol is below 100 mg/
dL for individuals with coronary heart disease and
symptomatic atherosclerosis. A target below 70 mg/
dL may be appropriate for patients at very high risk."®

Prior to discharge, patients or their caregivers
should be given prescriptions adequate to cover
the time until postdischarge follow-up visit. The
responsible persons need to be made aware that
some medications such as antihypertensives will
require dosage adjustments by an outpatient phy-
sician, and the timing of the follow-up visit may
need to be arranged accordingly.

The importance of stroke risk reduction
should be part of predischarge patient education,
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along with a list of the warning signs of stroke.
Adherence to the treatment regimen, including
lifestyle changes and medications, should be
emphasized. Patients or their caregivers should be
educated about identifying adverse events and a
plan to address them. Understanding that some
adverse effects (eg, headache with aspirin plus
extended-release dipyridamole) are likely to be
transient may prevent unnecessary discontinua-
tion of treatment and reduce anxiety.

Patient and caregiver education can be rein-
forced by providing standardized patient educa-
tion materials that can be found in the Stroke
Resource Room at the Society of Hospital Medi-
cine Web site (http:/ /www.hospi‘[almedicine.org),9
PROTECT (http://strokeprotect.mednet.ucla.edu), 10
ASA (http://www.strokeassociation.org),? and AHA
(http:/ /www.americanheart.org)'® Web sites.

Transfer of patient information to outpatient
health care providers is a critical step in stroke
systems care. Notes indicating any need for medi-
cation dose adjustment must be included. Dis-
charge summaries should be available to primary
care providers, neurologists, and rehabilitation
specialists prior to follow-up visits. The use of
electronic forms that can be faxed or sent by E-
mail can shorten delivery time considerably. In
lieu of electronic delivery, physician letters can be
used, and prototypes are available at the resource
Web sites. Whenever possible, a follow-up phone
call to the primary care physician provides the
best means to ensure clear communication.

SUMMARY

Hospitalists are well qualified to lead quality
focused patient care initiatives at their institu-
tions. Use of standardized protocols to reduce the
risk of secondary stroke is proven to increase
appropriate prescribing at discharge, which in
turn improves patient adherence to evidence-
based therapy. Multidisciplinary communication,
including communication with outpatient clini-
cians, facilitates the transition from inpatient to
outpatient health care providers.

In addition to improving patient care, use of
standardized protocols is tracked by JCAHO and
offers assurance to payers that a particular hospi-
tal and its staff are committed to quality care.
Establishing protocols is made relatively easy by
the online availability of materials that can be
adapted to various hospital settings.
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