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Abstract
Estimates indicate that 15 million individuals experience strokes worldwide. The short and long term impact of
stroke can be devastating to stroke survivors, their families and their communities. A range of approaches to stroke
care currently exist with all attempting to achieve the best outcomes. It has become clear that comprehensive evidencebased models of care should be consistently utilized to reduce the functional disability often associated with stroke. In
this article we briefly highlight a “roadmap of stroke care” that offers considerations to the complexities of stroke care
and strategies necessary to achieve optimal outcomes.
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Introduction
The global burden of stroke is substantial with world-wide estimates
suggesting the incidence of first ever strokes increased from 16 million
in 2005 to 23 million in 2013 [1]. It is expected that more than 25%
(7.8 million) of those suffering a stroke in 2030 will also experience
a stroke-related death [1]. Incidence and outcomes data suggest there
are significant discrepancies in incidence and mortality rates among
countries and regions [2]. In particular, rates vary greatly between low
and high income countries [2]. Additionally, a recent finding suggests
there are “stroke belt” regions or geographic variations in the burden of
stroke around the globe [3]. Compounding the variability in worldwide
stroke rates is a similar high variability in access to quality early stroke
medical care followed by organized rehabilitation for stroke survivors
with disability [4].
A great emphasis has been placed on primary and secondary stroke
prevention to reduce the global burden of stroke. As a result, reductions
in stroke mortality have been observed in many developed countries.
A consequence of reductions in stroke mortality is an increase in the
number of stroke survivors with significant disability who are in need
on comprehensive rehabilitation and long-term care [1]. The increased
need for rehabilitation and long-term care suggests a need for a cascade
of care that accounts for the complex and intersecting biological,
neurological and sociological factors that contribute to stroke-related
outcomes. In this article we offer a “roadmap of stroke care” to reduce
the burden of stroke, improve stroke outcomes while also achieving
equity in stroke outcomes (Figure 1).

Early Stroke Management
Guidelines for the acute management of ischemic stroke specifically
emphasize supportive care and treatment of acute complications
for such conditions as: hypoxia, oxygen saturation and intracranial
pressure along with addressing potential complications associated
with hypotension, hypertension and hypoglycemia [5]. For appropriate
candidates, intravenous fibrinolytic therapy administered within
three hours of stroke onset has been shown to yield increased odds of
positive stroke-related outcomes [6]. Yet, the cost of tissue plasminogen
activator (tPA) and inconsistencies in the necessary infrastructure for
administration has been proposed as a significant barrier to optimal
outcomes (i.e., mortality and disability) in some countries [7]. Even in
high income countries such as the US, some population groups are less
likely to benefit from tPA due to contraindications with the treatment,
delays in seeking urgent stroke care, stroke type and stroke severity
[8]. However, in order to truly reduce the long-term burden of stroke,
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equity in treatment rates must be achieved during this earliest phase of
stroke management.

Organized Rehabilitative Care for Stroke Survivors
with Disabilities
According to the National Institute of Neurological Disorders
and Stroke (NINDS), 40% of stroke survivors in the US experience
moderate to severe disability, resulting in significant limitations to
their pre-stroke lifestyles [9]. For these individuals, organized and
evidenced-based rehabilitative care is critical to achieving optimal
outcomes. Multidisciplinary stroke rehabilitation should be delivered
in an organized/coordinated manner and within facilities with the
necessary infrastructure to maximize patient function [10]. The efficacy
of stroke rehabilitation is well established and evidence indicates that
care received in stroke rehabilitation units reduces: (a) the odds of
death, (b) post-stroke dependency and (c) the need for long-term
institutionalization [11]. Stroke rehabilitation is not a “one size fits all”
process because stroke survivors can exhibit a wide range of motor,
sensory and cognitive deficits all potentially requiring specialized
services. Further, stroke rehabilitation programs do not operate in
isolation. Successful stroke rehabilitation should be guided by general
evidenced based principles of rehabilitation in conjunction with
discipline specific (neurology, speech-language pathology, physical
therapy, occupational therapy, rehabilitation nursing, therapeutic
recreation, neuropsychology) evidence-based practices. In addition
to the rehabilitation professionals, the team should include family,
friends and caregivers to ensure that the patient’s goals are adequately
represented in the rehabilitation care plan [10].
Many stroke rehabilitation programs emerge from and are
organized around acute care hospitals with Primary Stroke Center
Certification (hospitals that meet the standards to achieve positive
stroke outcomes) or Comprehensive Stroke Center Certification
(hospitals that treat the most difficult stroke cases) [12,13]. Organized
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D/C-Discharge; Stroke survivors can be discharged at multiple stages of the care continuum and transition to long term management where outcomes are subsequently
determined.
Figure 1: Roadmap of stroke care.

stroke care allows patients to be transferred within the same system to
the appropriate level of rehabilitation care that aligns with their level
of disability. Stroke patients can be discharged for acute care hospitals
to: (a) combined acute and rehabilitation units, (b) independent
acute intensive rehabilitation units, (c) sub-acute rehabilitation
units, home rehabilitation, day treatment centers and/or outpatient
rehabilitation units [11]. Therefore, patients should be able to move
through a continuum of care with a system-wide approach to stroke
management. Organized system-wide stroke care should then
culminate with accurate information transfer and continuity of care
from acute care through rehabilitation and discharge to community
settings [14]. Consequently, healthcare systems with organized stroke
rehabilitation care can offer patients the best opportunities for optimal
stroke-related outcomes.
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System-Wide Management of Stroke Risk: A Continuous
Primary-Secondary Stroke Risk Management Plan
A primary challenge of stroke-related care is secondary stroke
prevention. Whether in the early acute management or during the
rehabilitation phase, long-term survival and reduction of secondary
stroke risk centers on risk factor management. Therefore, a major
benefit of organized system-wide care is the ability to utilize a
consistent risk factor management approach. Patients who move in
and out of different healthcare systems and/or healthcare systems that
do not offer a continuum of stroke-related care are at risk of varying
management approaches and consequently differential outcomes. For
example, secondary risk factor management for hypertension, diabetes,
hyperlipidemia can differ among patients seen in a stroke system (or
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stroke continuum of care) when compared to patients discharged
from hospitals and managed by individual primary care practitioners.
Similarly, approaches to smoking cessation, alcohol abuse, diet, physical
activity can vary greatly based upon stroke management philosophy
and/or access to specialized services to address the specific risk factor.
Regardless of approach, secondary prevention of stroke is a key aspect
of acute and post-acute management. More importantly, many stroke
survivors have a history of the aforementioned comorbid conditions
prior to stroke onset. Therefore, the stroke itself must not disrupt
the pre-stroke management of comorbid risk factors. Under optimal
conditions, the secondary stroke prevention plan should extend from
the established pre-stroke primary stroke risk factor management plan
to ensure continuous and long-term risk factor control.

Transitioning for System to Home
Discharge to home is the primary goal of stroke care whether in
the acute stage of post-acute rehabilitation stage. Yet, little is known
about this transition or the specific facilitators or barriers to a positive
transition. Successful transition to the home setting requires an adequate
match between the needs of the stroke survivor and community
resources available to offer them support [10]. Unfortunately, stroke
survivors and their families are oftentimes discharged home with
significant information (verbal and written), but without the support of
the healthcare system needed to interpret and implement the strategies
included in that information. This can be frustrating given that this
information was obtained from the same system that guided their care
for the previous days, weeks or in some cases months prior to discharge
home. Patients and their loved ones are then left to independently
address the complicated secondary stroke prevention programs that
are necessary to prevent a repeat stroke or to maintain a healthy
lifestyle. Other difficulties emerge from the need for physical activity,
to maintain a healthy diet, to manage multiple new medications or to
cease pre-stroke negative actions such as smoking and alcohol use. For
many, the need for these new lifestyle approaches are occurring in the
context of a new found stroke-related disability.
Whereas, during their organized stroke care experience, the
stroke survivor and their family had immediate access to healthcare
professionals with expertise in stroke management and rehabilitation,
they are discharged to their homes and/or community without such
access. Consequently the social networks of stroke survivors become
more critical. Beyond the immediate caregiver, the social networks of
stroke survivors may be critically important to obtaining the needed
physical and emotional support for a successful transition to home
and community. Social networks can be critical to assisting stroke
survivors with community participation by helping them gain access
to inaccessible situations/settings and adapting activities to their level
of disability as well as providing them with practical assistance [15].
In summary, substantial consideration should be given to not only the
physical environment the stroke survivor is being discharged to, but
also ensuring that a solid social network is in place to support the stroke
survivor’s recovery.

Coordinated Management of Long Term Post-Stroke
Problem Areas
Despite organized and evidence-based care, some stroke survivors
will exit the rehabilitation continuum of care with new problem areas
or pre-stroke problem areas exacerbated by the condition. These may
include motor deficits, sensory deficits, cognitive deficits, chronic
pain and depression [10]. The emergence of these new or worsened
problems must be managed during the recovery process in the context
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of the recent onset of an ongoing life threatening condition (stroke).
For example, traditional pharmacological interventions for these
conditions must be carefully considered to avoid drug interactions
between the medications needed for the problem area and the
medications designed to reduce stroke risk. Additionally, professionals
offering complementary health approaches (exercise trainers, yoga
and tai chi instructors, chiropractors and osteopathic doctors) must
carefully consider the added benefits of their services in relationship
to the dangers that may be caused by ongoing problems areas many
stroke survivors experience. These services oftentimes occur without
the oversight of the healthcare team that has managed the early stage
of the recovery process and has the greatest understanding of the
patient’s overall state of health and potential problems. Yet the expected
long term goal for stroke survivors is to live with the condition while
achieving positive life satisfaction for both the stroke survivor and
his/her spouse/family [16,17]. Therefore, many stroke survivors with
disabilities will seek both traditional and alternative methods to achieve
optimal recovery and subsequently quality of life and life satisfaction.

Addressing Disparities in Outcomes
It is well established that racial-ethnic [18-22] and residence
[3,22,23] differences exist in stroke-related outcomes. What is not clear
is how such disparities can exist in the systems that offer the type of
coordinated care outlined here. Reduced access to general stroke care and
specialized services for some patients is traditionally posed as a primary
factor in disparities in outcomes [24-26]. Yet, disparities in access to
care do not fully explain the racial-ethnic and residence differences
in outcomes and a clear explanation for long-standing disparities
has yet to emerge. Therefore, it has become quite clear that there is a
need for greater consideration of cultural nuances of care for minority
populations and their potential contributions to observed differences
in outcomes [27]. According to Frier and colleagues, the unique
circumstances of individuals engaged in neurological rehabilitation
must be considered in order to achieve optimal outcomes [28]. More
specifically, a range of “social determinants” of health are believed to
be contributors to currently observed disparities in outcomes. Social
determinants of health are defined as “conditions in which people are
born, grow, work, live, and age, and the wider set of forces and systems
shaping the conditions of daily life” [29]. Because social determinants
of health are primary factors in health disparities it is important to
understand their impact on the primary health condition (stroke) and
intermittent and long term outcomes resulting from the condition.
More specifically, social determinants of health must be considered at
all phases of post-stroke care and recovery. Additionally, their impact
must be considered when measuring outcomes of conditions such as
stroke. Therefore, practitioners providing care to stroke survivors must
consider the impact of social determinants at all stages of stroke care
and the ultimate impact on long term stroke outcomes.

Obstructions, Potholes and Hazards on the Road to
Optimal Stroke Outcomes
Systems offering organized and coordinated stroke care continues
face many challenges in their attempts to achieve optimal outcomes.
Our own experiences with providing stroke care and measurement of
long term outcomes have resulted in our having a greater appreciation
and emphasis on identifying and attempting to solve the problems
that negatively impact stroke outcomes. Issues emerge from both the
variable characteristics of individual patients/stroke survivors and the
health systems where they receive care. For example, stroke outcomes
are oftentimes influenced by the beliefs and attitudes of individuals at
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risk for stroke. Some individuals, regardless of their family history of
stroke have a very poor understanding of primary risk factor control.
Consequently, they exhibit poor compliance with traditional risk
factor control strategies. Many of these beliefs and attitudes continue
after the stroke event itself and impact secondary stroke risk factor
control. Therefore, some stroke survivors continue to choose shortterm unhealthy lifestyles even after the stroke event. Some report not
choosing to engage in healthy risk factor control strategies because
such strategies require significant compliance and discipline that do not
align with their daily schedules.
Early stroke management approaches can also result in negative
outcomes despite offering established evidenced-based approaches.
Unfortunately, some patients do not respond to treatment of acute
complications. Similarly, some established treatments known to
improve stroke outcomes are not available. For example, despite
reductions in mortality and morbidity as a result of tPA administration,
its use remains limited even among some established healthcare
systems committed to stroke care. Therefore, death remains a common
consequence of stroke and in the US alone, stroke is the fifth leading
cause of death, resulting in ~130,000 deaths each year [30].
Similar to early management issues, the rehabilitation phase of stroke
recovery can be a challenge. Although multidisciplinary rehabilitation
care can improve outcomes, the nature of multiple disciplines attempting
to rehabilitate patients with a range of disabilities comes includes
inherent problems. Rehabilitation disciplines (neurology, physiatry,
physical therapy, speech therapy, occupational therapy, nursing, etc.)
all receive different and unique training and from different perspectives
and models of care. Additionally, these rehabilitation professionals all
differ in level of experience, level of specialized training and beliefs and
attitudes about the rehabilitation process. In addition, the healthcare
systems in which these rehabilitation professionals practice may also
differ in treatment philosophy and approach. Collectively these factors
can contribute to observed differences in outcomes despite the best
intentions of all parties. Of even greater concern is the impact of lack
of insurance or underinsurance to support the long term rehabilitation
needs necessary for many stroke survivors. In the absence of adequate
insurance, some stroke survivors do not have access to rehabilitation
services known to improve outcomes.
Finally, stroke outcomes can be limited by the direct consequences
of stroke in combination with the combined characteristics of patients
themselves. The beliefs of stroke survivors about rehabilitation whether
optimistic or fatalistic can influence motivation, compliance and
persistence with the achieving outcomes. Further, the communities
from which stroke survivors emerge can also have a dramatic impact
on patient outcomes. The support or lack of support the community
provides will assist or limit the stroke survivor’s in achieving their longterm potential.
Future work must be designed to identify the facilitators and
barriers to positive stroke outcomes and at all levels of care and recovery.
Consideration must be given to the positive and negative contributions
of the patients (stroke survivor) system (providing stroke care and
rehabilitation), caregivers and communities where stroke survivors
return to and reside. Our current work has been designed to address
the multiple contributors to stroke outcomes and at the various stages
of stroke care and recovery. Additionally, our current research has
been designed to examine the biological, neurological and sociological
factors that contribute to stroke-related outcomes both individually and
collectively.
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Conclusion
Stroke is a condition that even in its mildest form can result in
significant disability [31]. Worldwide, millions of individuals suffer
from the devastating consequences of stroke. Additionally, many require
long-term comprehensive care to address risk factor control and the
impact of ongoing impairments resulting from stroke. To compound
the problem, stroke survivors all differ in the severity of their poststroke impairments and the functional impact of their residual deficits.
A comprehensive and long-term management plan offers the best
opportunity for these individuals to experience optimal outcomes and
post-stroke life satisfaction. The roadmap outlined in this article offers
a basic guide to address the comprehensive and long-term aspects of
post-stroke recovery.
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