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Introduction

Evidence that organization of cardiovascular care may be ef-
fective in reduction of morbidity and mortality has existed since 
at least the 1950s when cardiologists implemented specialized 
care in coronary units for patients with acute heart disease.1 We 
learned in chemistry class of the laws that govern free energy 
that positive entropy, a low or ‘disordered’ energy state, can be 
righted by pumping energy into such a system.2 Similarly, it 

stands to reason that in stroke care, an organized structure can 
be developed by placing appropriate resources, management 
and vision into the system and by supplying the ‘energy’ (i.e., 
enthusiastic stroke team members) to make the system func-
tion well.2 Furthermore, it has been shown multiple times that 
organized stroke care in the form of stroke care units reduces 
morbidity and mortality associated with stroke.1 Components 
and processes associated with stroke units have included but are 
not limited to stroke care maps, stroke teams, and quality im-
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In the United States (US) stroke care has undergone a remarkable transformation in the past 
decades at several levels. At the clinical level, randomized trials have paved the way for 
many new stroke preventives, and recently, several new mechanical clot retrieval devices for 
acute stroke treatment have been cleared for use in practice by the US Federal Drug Admin-
istration. Furthermore, in the mid 1990s we witnessed regulatory approval of intravenous 
recombinant tissue plasminogen activator for administration in acute ischemic stroke. In 
the domain of organization of medical care and delivery of health services, stroke has tran-
sitioned from a disease dominated by neurologic consultation services only to one managed 
by vascular neurologists in geographical stroke units, stroke teams and care pathways, prima-
ry stroke center certification according to The Joint Commission, and most recently compre-
hensive stroke center designation under the aegis of The Joint Commission. Many organiza-
tions in the US have been involved to enhance stroke care. To name a few, the American 
Heart Association/American Stroke Association, Brain Attack Coalition, and National Stroke 
Association have been on the forefront of this movement. Additionally, governmental ini-
tiatives by the US Centers for Disease Control and Prevention and legislative initiatives such 
as the Paul Coverdell National Acute Stroke Registry program have paved the way to focus 
on stroke prevention, acute treatment and quality improvement. In this invited review, we 
discuss a brief history of organized stroke care in the United States, evidence to support the 
value of primary and comprehensive stroke centers, and the certification criteria and pro-
cess to become a primary or comprehensive stroke center. 
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provement efforts.2 In some regions such as in North America, 
primary stroke centers have become the key unit of organiza-
tion for the delivery of stroke care, and more recently compre-
hensive stroke center certification has become a reality under 
the regulatory guidance of the The Joint Commission. The Joint 
Commission sets quality standards for hospitals in the United 
States and serves as a certifying body for hospitals and for cer-
tain hospital-based programs such as in stroke. Comprehensive 
stroke centers provide a structure to take stroke care to a new 
level of excellence, the potential for handling more complicated 
stroke cases and a venue to provide better outcomes. 

In this review we discuss a brief history of organized stroke 
care in the United States, evidence to support the value that pri-
mary and comprehensive stroke centers may bring, and the cri-
teria and certification process to become a primary or compre-
hensive stroke center. We have entered a new era or stroke care 
that is being ushered in by comprehensive stroke centers and 
new advances in stroke prevention, diagnosis and treatment.3 

Brief History of Organized Stroke Care in the United 
States

Healthy People 2010 and Paul Coverdell National Acute 
Stroke Registry. Now, we embark on a discussion of the history 
of organized stroke care in the United States (US) in the mod-
ern era. In the US organization of stroke care was heightened by 
two key national prevention initiatives that were brought about 
by the need to address almost 900,000 stroke-related hospital-
izations annually, over $50 billion in lost productivity and health 
care costs, and the personal ravages of physical and psychosocial 
devastation associated with stroke.4 The initiatives were spon-
sored by the United States Center for Disease Control and Pre-
vention and were designed to improve stroke health. They in-
cluded Healthy People 2010 and the Paul Coverdell Stroke Re-
gistry. The former initiative was developed to identify substan-
tial preventative health threats to US citizens, increase the quali-
ty and years of life, and eliminate health disparities.4 Sixteen of a 
total of 467 objectives were established to address heart disease 
and stroke. The Paul Coverdell National Acute Stroke Registry 
program was implemented in 2001 as state-based stroke quality 

registries to measure and follow acute stroke care outcomes, and 
lead to high quality acute stroke care and prevention of stroke 
mortality and recurrence. Wave I (2001) of the Paul Coverdell 
National Acute Stroke Registry program included 4 states and 
Wave II (2002) included 5 states. Then, in June 2004, funds 
were provided at the state level for Coverdell registries in Geor-
gia, Illinois, Massachusetts and North Carolina earmarked to 
develop and implement programs for data collection and analy-
sis for quality improvement interventions at the hospital level 
catalyzed by partnerships with physicians, stroke care teams, 
and hospital administrators.4 Finally, in 2007 funding was pro-
vided to 6 state health departments for continued quality im-
provement work in acute stroke, and the registry remains active. 

In the US in the late 1990s and early 2000s there was an obvi-
ous need for quality improvement in acute and recurrent stroke 
preventive care. It was suspected that application of quality stroke 
care was unevenly distributed. For example, we carried out a 
statewide assessment of acute stroke diagnostic and treatment 
capabilities in the Midwestern State of Illinois among 183 of 
202 (91%) adult acute care inpatient medical hospital facilities 
between December 1999 and June 2000.5 Key select findings 
from our survey are listed in Table 1. As can be observed in Ta-
ble 1, significant gaps in acute stroke care existed primarily in 
the non-Greater Chicago Metropolitan Area though both the 
non- Greater Chicago Metropolitan Area and Greater Chicago 
Metropolitan Area had key gaps in stroke community aware-
ness programs and availability of acute stroke care teams.5 In a 
survey in North Carolina conducted before our survey and from 
which our survey was patterned, there were gaps found in avail-
ability of acute stroke care teams, stroke care maps, stroke units, 
and rapid patient identification programs.6 Around the year 2000 
these surveys demonstrated the need for improvement in acute 
stroke care, and therefore, the need for stroke quality initiatives 
such as the Coverdell program to catalyze quality stroke care 
and raise awareness of such need. In a follow-up study by Gold-
stein in North Carolina, the availability of certain diagnostic 
tests, but not specialty staff or stroke units, increased between 
1998 and 2008, and there were possible improvements between 
2003 and 2008, suggesting possible establishment of programs 

Table 1. Key Findings from a Statewide Assessment of Acute Stroke Care Diagnostic and Treatment Facilities in Illinois5

Emergency Department Receiving Facility:  99%
Cranial Computed Tomography Scanner:  98.3%
rtPA Treatment Protocol for Acute Ischemic Stroke:  slightly > 70%
Residents Living in a County with at Least 1 Acute Care Facility with a rtPA Treatment Protocol:  93.2%
Treatment Capabilities Lacking in Non-Greater Chicago Metropolitan Area:  neurologist, neurosurgeon, transcranial Doppler, Diffusion-Weighted magnetic resonance  
   imaging (MRI), and MR Angiography
Programmatic Aspects Lacking in both Non- Greater Chicago Metropolitan Area and Greater Chicago Metropolitan Area:  stroke community awareness programs and acute  
   stroke care teams
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to develop stroke care systems.7 
Emergency Medical Services, Stroke Center Network, and 

Brain Attack Coalition. After the approval of recombinant tis-
sue plasminogen activator (rtPA) therapy for treatment of acute 
ischemic stroke in the mid-1990s, there was a need for integra-
tion and organization of Emergency Medical Services (EMS) 
as part of an effective stroke system. Such organizations in the 
United States as the American Heart Association/American 
Stroke Association (AHA/ASA) and the National Stroke Asso-
ciation (NSA) supported an integrated and organized approach 
to EMS involvement and the use of “911” telephone triggers to 
prompt EMS to respond to stroke as a high level emergency8 
and follow the principles of rapid identification and treatment 
of acute stroke.9 Furthermore, in the mid-1990s the NSA Stroke 
Center Network program was developed, and NSA established 
the NSA Stroke Center Recommendation Guidelines which 
were used to develop a foundation for stroke center infrastruc-
ture.4,10 The latter were incorporated by the Brain Attack Coali-
tion (BAC), formed in 1996, to improve medical services and 
detection of stroke.4,11 The BAC has been instrumental in help-
ing to craft guidelines for primary and comprehensive stroke 
center programs as we will discuss in a section below. 

The three aforementioned organizations are independent of 
one another. AHA/ASA is an organization dedicated to advo-
cacy and education of the public and health care providers for 
prevention, treatment, diagnosis and rehabilitation of heart at-
tack and stroke and for funding of scientific endeavors in the re-
spective disease-specific areas. NSA has a major goal of patient 
advocacy in stroke and is also dedicated to education of patients 
and health care providers for stroke prevention, treatment, diag-
nosis and rehabilitation. BAC has been involved in making rec-
ommendations for stroke prevention and treatment and for hold-
ing educational meetings for physician providers and clinical re-
searchers in the stroke field. 

Primary Stroke Center Certification. In 2003 the AHA/ASA 
and The Joint Commission agreed on a certification process for 
stroke through a Disease-Specific Certification program that in-
cluded a voluntary evaluation process driven by the demonstra-
tion of a consistent approach to clinical outcome measurement 
and minimum standards for stroke care built around acute isch-
emic stroke treatment with rtPA.4 Primary Stroke Center Certi-
fication began in 2004 and by April 2005 about 15 hospitals per 
month were being reviewed.4 By 2011, there were over 800 The 
Joint Commission primary stroke centers in the US out of some 
4000-5000 total hospital facilities. Some states in the United 
States have established a state designation for stroke centers 
through a local health department certification mechanism, and 
in some regions legislation has been passed to have acute stroke 

patients bypass non-primary stroke center designated hospitals 
to allow diagnosis and treatment at primary stroke center-desig-
nated acute receiving hospitals. 

It is acknowledged that quality initiatives for stroke care have 
evolved throughout the world and that Joint Commission In-
ternational developed a process for certifying hospitals outside 
of the US.4 Whereas in the US a major focus has been the pri-
mary stroke center as the unit for acute stroke treatment, facili-
ties in European hospitals for treating stroke patients have fo-
cused on the stroke unit as the primary organizational compo-
nent for acute stroke care. In 2005, a survey of 886 randomly se-
lected hospitals in 25 countries showed that less than 10% of 
European hospitals treating acute stroke patients had optimal 
facilities, and in about 40% the minimal standard was not met.12 

Mississippi Stroke Education Consortium and Regional Care. 
Finally, one of the first larger scale systematic approaches to re-
gional stroke care in the US was the Mississippi Stroke Educa-
tion Consortium, guided by a state-based volunteer advocacy 
group that was founded in 1994 to set policy to decrease the 
impact of stroke through an ongoing educational process geared 
to laypersons and healthcare professionals.13 Among many ad-
vances the Mississippi Stroke Education Consortium provided 
a proposal for the development of a statewide emergency stroke 
network that included the following 5 components: 1) A sub-
stantial initial education template for health care professionals 
and the public; 2) Acute and subacute stroke care criteria; 3) 
Level I-III medical center designation according to ability to 
meet acute and subacute care criteria; 4) EMS transport crite-
ria; and 5) A continuous education plan for public and health 
care providers. 

Growth of regional stroke care in the first decade of the 21st 
century has been substantial. In 2000, the first counties adopted 
regional regulations to route acute stroke patients to primary 
stroke centers, and this was followed by adoption of such poli-
cies in 2 states in 2004.14 By 2010, 16 states and counties in 3 
additional states had such legislation for EMS to route acute 
stroke patients to primary stroke centers and bypass those non-
certified facilities. By the end of 2010, it was estimated that 53% 
of the US population was covered by such routing protocols.14 

Evidence to Support the Value of Primary Stroke 
Centers

Scope of Review and Get With The Guidelines-Stroke. Car-
rying out an original systematic review and meta-analysis of the 
evidence supporting the value of primary stroke centers is be-
yond the scope of this review. Therefore, we will limit our dis-
cussion to select studies known to the author. An important as-
pect of organization of quality stroke care is the availability of a 



Vol. 15 / No. 2 / May 2013

http://j-stroke.org  81http://dx.doi.org/10.5853/jos.2013.15.2.78

database solution to track outcomes and make improvements 
to care based on ongoing data analysis and checks.15 The AHA/
ASA Get With The Guidelines-Stroke (GWTG-S) program 
provides such a data solution and has been utilized by over 1,000 
hospitals in the US and has over 1 million patient records. GW-
TG-S serves as a national stroke registry and quality improve-
ment program and is believed to be representative of the na-
tional fee-for-service Medicare ischemic stroke population.16 In 
a recent review of metric compliance and improved patient-
centered outcomes in stroke, it was concluded that there are 
limited high-quality studies and methodologic flaws exist mak-
ing it difficult to interpret the reported associations.17 Further-
more, the possible importance of residual confounding in the 
study of hospitalized stroke patients in relation to the influence 
of compliance with guideline-based processes on risk-adjusted 
mortality and adjustment for stroke severity have been empha-
sized.18,19

Examples of Need for Better Organization of Stroke Care. 
There are a number of examples that demonstrate the need for 
better organization of stroke care that can be anchored by pri-
mary stroke centers. For example, in 2001 Burgin et al. reported 
that whereas a high percentage of acute stroke patients received 
computed tomography brain studies in non-urban East Texas 
communities, aggressive treatment of blood pressure common-
ly occurred and at blood pressures below treatment recommen-
dations.20 Rural areas and small communities in the US and 
elsewhere have been the subject of health disparities in stroke 
care and the need to have an appropriate nexus to implement 
best-practice recommendations.21,22 Furthermore, despite na-
tional stroke public awareness campaigns, public knowledge of 
strokerisk factors and warning signs has not improved substan-
tially over time, and care seeking after stroke symptoms remains 
suboptimal (~50% of cases).23,24 In addition, there is potential 
for a large financial cost associated with inadequate primary and 
recurrent stroke prevention measures, and rehospitalizations 
among Medicare beneficiaries has become a target for financial 
penalties leveled on hospitals by the US Center for Medicare 
and Medicaid Services.25,26 Provision of recurrent stroke preven-
tion services has been shown to be suboptimal in a high per-
centage of stroke patients and thus, provides further justifica-
tion for the need to improve upon the delivery of such servic-
es.27 Also, there is a need for better transitioning of stroke pa-
tients from the inpatient hospital or rehabilitation setting to 
home or institutional care.28 In-hospital initiation of stroke pre-
vention and allied therapies may serve as a means to improve 
such transitioning.29 Better organizational systems such as those 
provided by well-constructed primary stroke center models are 
needed to accomplish this. 

Added Value and Feasibility. Finally, organized stroke care 
adds value in that it reduces the following risks associated with 
stroke: death by 14%, death or institutionalized care by 18%, 
and death or dependency by 18%.30-33 Importantly, in the US it 
has been shown that the possibility of establishing a primary 
stroke center is both desirable and reachable as the presence of 
resources needed to achieve primary stroke center status is pres-
ent in an estimated over 40% of US hospitals. 

Additional Rationale. There is additional rationale to justify 
organization of stroke care according to primary stroke center 
or stroke unit processes. Safety of hospital care has become a 
major target for improvement. Adverse events and errors may 
be common in stroke patients. In a 750-bed academic hospital 
during a 3.5 year period ending in 2004, 173 (12.0%) patients 
had an adverse event. Common events as might be expected in 
stroke patients included falls, medication errors, and adverse 
events.34 According to the study findings, it was estimated that 
almost 50% of the adverse events were preventable and involved 
medications and other situations commonly occurring in care 
delivery processes in a stroke patient group and ranged from 
acute thrombolytic administration to end-of-life care. Of the 
preventable adverse events 37% were transcription/documen-
tation errors, 23% a failure to perform a clinical task, 10% were 
communication or handoff errors, and 10% were failure to per-
form independent checks or proper calculations. Organization-
al means to solve such gaps in care such as primary stroke center 
or stroke unit systems are available. Implementation of stroke 
unit care, for example, has been available for decades and has 
been shown to reduce risk of death via the prevention of treat-
ment complications.35,36 In addition, database solutions such as 
GWTG-S are now used to help identify certain process gaps in 
stroke care in need of resolution. 

Stroke Center Designa tion and Quality Improvement. Stroke 
center designation has been associated with a number of quality 
improvements including but not limited to access to timely 
thrombolytic therapy and utilization of stroke unit care.37 Pri-
mary stroke centers may be established successfully as a metro-
politan-wide matrix in large population areas to facilitate diag-
nosis and treatment of acute stroke patients.38 Organization of 
acute stroke in this way may be advantageous especially when 
there is high annual hospital volume or high physician patient 
volume in relation to stroke care which heightens preferable 
outcomes or cost savings.39,40 An organized stroke care system 
such as an inpatient stroke unit has been associated with re-
duced length of care and case fatality, cost-effectiveness when 
followed by early supportive discharge, and as a model for stroke 
care, generalizeability if implemented in non-principal referral 
hospitals.41-43 It should be noted that there is evidence to sug-
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gest that primary stroke center designated hospitals had better 
outcomes than non-certified hospitals before The Joint Com-
mission (TJC) program for primary stroke center designation 
was implemented. Possibly, the certified hospitals had organiza-
tional programs already in place prior to achieving certification 
status. 

Who Should Be Leading Stroke Team Management? There 
has been debate as to whether a specifically-trained vascular 
neurologist or other physician should manage stroke patients 
from the time of onset of stroke and beyond.44-46 It has been ar-
gued that vascular neurologists and others trained specifically 
to treat stroke patients have better stroke outcomes but may be 
associated with higher costs of stroke care. Caplan has opined 
that among all of the physicians who could be involved in stroke 
care, neurologists with interest, training and experience in car-
ing for stroke patients are most likely to have the proper attri-
butes to manage stroke patients.44 Lees acknowledges the need 
for more stroke specialists.45 The consensus, therefore, is that 
those trained to take care of stroke patients are best suited to 
provide stroke care.46 It has been shown that: 1) The higher the 
level of stroke care organization and complexity of stroke case 
mix, in general the better the patient outcomes;47 2) The higher 
the level of organized stroke care, the lower the 30-day mortality 
for each ischemic stroke subtype48; and 3) With organized acute 
stroke care, all age groups may benefit as there is reduced insti-
tutionalization or death.49 Therefore, the role of the stroke team 
lead physician and the overall system of organization for stroke 
care are highly inter-related and important aspects of the care 
delivery system. 

Role and Value of Stroke Performance Measures. The imple-
mentation of stroke performance measures has been associated 
with large-scale improvement in stroke care.50 Stroke perfor-
mance measures primarily have emphasized acute and subacute 
aspects of stroke care, and thus, there is a need to expand the 
measures to be more inconclusive of outpatient stroke care and 
functional recovery. When the influence of patient and hospital 
factors are taken into account, in the Paul Coverdell National 
Acute Stroke Registry, hospital-level factors explained about 
18% of total variation in quality of care, whereas the majority of 
variability in quality stroke care was accounted for by patient-
level factors (82%).51

Major criteria for the establishment of primary stroke center 
membership have been associated with benefits in acute stroke 
treatment processes. For example, among 34 academic medical 
centers, institutions that follow a greater number of BAC fea-
tures were more likely to administer rtPA.52 In addition, in the 
California Acute Stroke Pilot Registry, a Coverdell pilot regis-
try, implementation of standardized stroke orders and monitor-

ing was associated with improvement in use of proven acute 
stroke treatment or prevention interventions.53 Furthermore, 
the impact of standardized stroke orders at discharge were stud-
ied in a cluster-randomized trial by the Quality Improvement in 
Stroke Prevention investigators in 12 hospitals.54 The primary 
outcome was optimal treatment at 6 months defined as taking a 
statin agent, blood pressure < 140/90 mm Hg, and receipt of 
anticoagulation if atrial fibrillation was present. With the hospi-
tal as the unit of analysis, the endpoint, optimal treatment, was 
not significant, whereas at the individual patient level rates of 
optimal treatment did improve in the intervention compared to 
non-intervention hospitals. Two other randomized trials, ho-
however, failed to show benefit of performance feedback on 
ischemic stroke care quality markers after discharge.55,56 

Contributions of GWTG-S. As previously mentioned, GW-
TG-S has provided a substantial amount of guidance in relation 
to quality of care and outcomes in acute stroke in the US and 
elsewhere. In Asia, for example, it has been shown that GWTG-
S performance measures are applicable with appropriate modi-
fication for ethnic factors.57 In the US there have been a series of 
important publications from GWTG-S. Now, we review select 
papers from GWTG-S and in Table 2 provide a summary of 
key findings. 

Based on 905 hospitals and 479,284 consecutive stroke or 
TIA admissions, the influence of stroke subtype on quality of 
care was reported.58 There were 61.7% ischemic strokes, 23.8% 
TIAs, 11.1% intracerebral hemorrhages, and 3.5% subarach-
noid hemorrhages. Overall, many hospital-based acute stroke 
care and prevention measures were underutilized in intracere-
bral hemorrhage and subarachnoiod hemorrhage when com-
pared to ischemic stroke/TIA.58 The time period of study spann-
ed from April 1, 2003 to December 30, 2007. 

Based on 322,847 hospitalized stroke patient discharges from 
a volunteer sample of 790 US academic and community hospi-
tals during the time period 2003-2007, participation in GWTG-
S was analyzed to determine if there were improvements in per-
formance adherence.59 Compared to baseline, by the 5th year, 
the following improvements were noted in 7 performance mea-
sures: administration of intravenous thrombolytics (42% vs. 
73%), early antithrombotics (91% vs. 97%), deep venous throm-
bosis prophylaxis (74% vs. 90%), discharge antithrombotics 
(96% vs. 99%), anticoagulation for atrial fibrillation (95% vs. 
98%), lipid treatment (74% vs. 88%), and smoking cessation 
(65% vs. 94%), and the composite of performance measures 
(84% vs. 94%) with P < 0.0001 for all comparisons.59 Further-
more, there was a 1.18-fold yearly increase in the odds that care 
opportunities were independent of secular trends, and improved 
stroke care was observed in all hospitals no matter of size, geog-
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raphy and teaching status. 
Based on 383,318 acute ischemic stroke admissions from 

1,139 hospitals between 2003 and 2008, 7 performance mea-
sures (see above paragraph for performance measures) were as-
sessed for defect-free care between women and men.60 Overall, 
women had less defect-free care than men (66% vs. 71%) and 
were less likely to be discharged home (41% vs. 50%). The au-
thors suggested that the differences may be due to residual con-
founding or other unmeasured factors but that additional re-
search was needed to determine reasons for the health care dis-
parities.60 

Based on 397,257 patients with ischemic stroke from 1,181 
hospitals during the time period between 2003 and 2008, 7 
performance measures were studied to determine differences in 
care according to race/ethnicity.61 Overall, when compared to 
white patients, black patients were significantly less likely to re-
ceive intravenous thrombolysis, deep venous thrombosis pro-
phylaxis, discharge antithrombotics, anticoagulants for atrial fi-
brillation, and lipid therapy, and of dying in the hospital. His-
panic patients received similar care and had similar mortality to 
white patients. Black and Hispanic patient length of hospital 
stay was higher than that of whites, but quality of care improved 
for each race/ethnic groups over time.61 

Based on 2,598 patients with ischemic stroke or TIA in 106 
hospitals followed from discharge to 3 months, 76% at 3 months 
were taking all recurrent stroke prevention medications (anti-
platelet therapies, warfarin, antihypertensive therapies, lipid-
lowering therapies, or diabetes medications as appropriate) ad-
ministered at discharge.62 Persistence was associated with de-
creasing number of classes of medications prescribed, increas-
ing age, medical history, less severe stroke disability, having in-
surance, working status, health literacy, increasing quality of life, 

financial hardship, geographic region and hospital size. 
Based on 479,284 consecutive ischemic stroke or TIA admis-

sions from 981 hospitals during the time period 2003-2008, the 
frequency of low-density lipoprotein cholesterol testing was de-
termined. Over time the frequency of testing increased from 
54% to 82%, however, measurement frequency was lower in 
women, non-smokers, those with atrial fibrillation or history of 
stroke or TIA, and those with TIA (vs. ischemic stroke).63 Fur-
thermore, low-density lipoprotein cholesterol testing was higher 
the longer a program participated in GWTG. 

Based on 991,995 admissions from 4 US regions during the 
time period 2003-2010, 8 guideline recommended treatments 
including intravenous rtPA, antihypertensives at discharge, smo-
king cessation counseling, weight loss education, antithrombot-
ics, anticoagulants for atrial fibrillation, deep venous thrombosis 
prophylaxis, and lipid-lowering medications at discharge were 
studied.64 Overall, use of each of the therapies varied according 
to the following results: 58-68% for intravenous rtPA, 73-76% 
for lipid-lowering therapy, 80-84% for antihypertensives, 96-
97% for antithrombotics, 88-91% for deep venous throm bosis 
prophylaxis, 49-55% for weight loss reduction, and 72-77% for 
defect-free care. By region, patients in the South had the lowest 
odds of use of rtPA, antihypertensives, and defect-free care, but 
were more likely to receive lipid-lowering agents vs. those in the 
Northeast. Patients in the Midwest had lower odds of adminis-
tration of intravenous rtPA and defect free care. Those in the 
West had lower odds of administration of antihypertensives but 
greater odds of being treated with lipid-lowering therapy. 

Role and Value of Telestroke. It is estimated that approximate-
ly 50% of the US population has reasonable access to a primary 
stroke center.65 For those that do not have timely access to a pri-
mary stroke center, some may benefit from access to a center 

Table 2. Select Findings on Quality of Stroke Care and Stroke Outcomes in Get With The Guidelines-Stroke58-64

Metric of Interest: Comment
Stroke Subtype: Hospital-based acute stroke care and prevention measures were underutilized for intracerebral hemorrhage and subarachnoiod hemorrhage vs.  ischemic  
   stroke/TIA 
Adherence: Significant improvements from baseline at 5 years in administration of intravenous thrombolytics, early antithrombotics, deep vein thrombosis prophylaxis,  
   discharge antithrombotics, anticoagulation for atrial fibrillation, lipid treatment,  and smoking cessation;  and the composite of performance measures
Defect-Free Care: Women had less defect-free care on 7 performance measures than men and were less likely to be discharged home 
Race/Ethnicity: When compared to white patients, black patients were significantly less likely to receive intravenous thrombolysis, deep venous thrombosis prophylaxis,  
   discharge antithrombotics, anticoagulants for atrial fibrillation, and lipid therapy; and of dying in the hospital. Hispanic patients received similar care and had similar  
   mortality to white patients. Black and Hispanic patient length of hospital stay was higher than that of whites, but quality of care improved for all race/ethnic groups  
   over time  
Medication Persistence: 76% persistence at 3 months after discharge with all recurrent stroke prevention medications (antiplatelet therapies, warfarin, antihypertensive  
   therapies, lipid-lowering therapies, or diabetes medications as appropriate) 
Low-density lipoprotein cholesterol Testing: Over time the frequency of testing increased from 54% to 82%, however, measurement frequency was lower in women,  
   non-smokers, those with atrial fibrillation or history of stroke or TIA, and those with TIA (vs. ischemic stroke) 
Regional Treatment: Patients in the South had the lowest odds of use of rtPA, antihypertensives, and defect-free care, and were more likely to receive lipid-lowering agents  
   vs. those in the Northeast. Patients in the Midwest had lower odds of administration of intravenous rtPA and defect-free care.  Those in the West had lower odds of  
   administration of antihypertensives but greater odds of being treated with lipid-lowering therapy  
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with telemedicine through a hub-spoke relationship between a 
hospital without stroke expertise and one with telestroke exper-
tise. In a recent survey to determine active telemedicine pro-
grams for stroke in the US, 56 such programs had confirmed 
telestroke activity including 38 programs from 27 states.66 Wher-
eas these programs are thriving in certain regions, some such 
activities may be challenged by lack of reimbursement for ser-
vices, lack of program funds, inability to obtain physician licen-
sure, and other challenges.66 Evidence and policy statements by 
AHA/ASA have been published previously to help position 
telestroke activities67,68 as have a practical aspects of telestroke 
systems’ guide.69 

Telestroke is a means to extend stroke expertise to under-
served areas and when applied by competent individuals, it is a 
viable remote presence alternative option to in-person availabil-
ity, increases delivery of rtPA in acute ischemic stroke, and can 
do so within acceptable standard rates of efficacy and safety.70-74 

Cost and Cost-Effectiveness. The cost of stroke in the US and 
cost analysis of stroke centers, telestroke and rtPA administra-
tion have been reviewed previously by Demaerschalk and col-
leagues.75,76 It has been argued that because stroke centers can 
reduce length of hospital stay and both stroke centers and tele-
medicine programs can increase the use of rtPA, it is very possi-
ble that these care processes are cost-effective.75-78 In the original 
BAC publication on recommendations for the establishment of 
primary stroke centers, a similar argument was made that costs 
might be recouped by shortening length of stay for hospitalized 
stroke patients and by reducing complications associated with 
stroke.79 Length of hospital stay is considered one of the major 
drivers of costs associated with stroke and other inpatient medi-
cal care.80 Reduction of length of hospital stay and rehospitaliza-
tions has heightened importance based on the new US health-
care system plan for reimbursement and cost savings. Addition-
al high-quality cost-effectiveness research in relation to stroke 
center and telemedicine is needed to guide judicious future use 
of health care resources.76 

Evidence to Support the Value of Comprehensive 
Stroke Centers

Thus far, we have shown that organized stroke care in the form 
of enhanced medical delivery processes such as stroke units and 
primary stroke centers is associated with improvements in a 
number of performance measures, may be associated with re-
duced mortality and dependency, and other benefits. Emphasis 
on reducing medical errors and prevention of early rehospital-
izations has become a major focus in the US healthcare system, 
and thus, highlights the need for systems of care that will reduce 
medical errors and complications. Given the potential for a high 

complexity of stroke case mix and the need to deliver cutting-
edge interventions, a movement to establish comprehensive 
stroke centers has evolved. Comprehensive stroke centers are 
those capable of handling a full spectrum of care to seriously ill 
patients with stroke and cerebrovascular disease.81

Since there has been a relative paucity of study, there is limit-
ed information about scientific evidence to support the value of 
comprehensive stroke centers. The argument strongly in favor 
of comprehensive stroke centers is based on the need for a high-
er level of specialized care given the spectrum of available diag-
nostic, treatment, preventive and rehabilitation resources, and 
new technical advents in these respective areas. Several studies 
have emerged that support the value of comprehensive stroke 
centers. For example, there may be a disparity between out-
comes for stroke patients admitted to hospitals during week-
ends vs. weekdays. In one study comprehensive stroke centers 
showed no difference in 90-day mortality for stroke patients ad-
mitted on weekends vs. weekdays, whereas the risk of death if 
admitted on weekends at other care facilities was higher on 
weekends.82 Furthermore, in a registry-linkage system study 
from Finland, the number-needed-to-treat to prevent 1 death or 
institutional care at 1 year was 29 for comprehensive stroke cen-
ters vs. 40 for primary stroke centers when compared to general 
hospitals.83 A British study showed that stroke interventional 
endovascular services were available in only a small number of 
hospitals, and only about 50% of them who had no available 
endovascular service for stroke had transfer plans with a center 
that did provide the services.84 

Certification Process for Primary and Comprehensive 
Stroke Centers

Primary Stroke Centers. An important step moving forward 
for the establishment of primary stroke center certification was 
the BAC recommendations for primary stroke centers.79 Major 
elements of a primary stroke center according to BAC included: 
1) Patient care areas (e.g., acute stroke teams, written care pro-
tocols, emergency medical services, emergency department 
services, a stroke unit for those centers providing ongoing inpa-
tient care for stroke patients, and neurosurgical services); 2) 
Support services (commitment from the parent medical orga-
nization, a stroke center director, neuroimaging services, labora-
tory services, outcome and quality improvement activities, and 
continuing medical education).79 A key message of the BAC 
recommendations was timely provision of acute stroke services, 
and therefore, such laboratory services as general ones, electro-
cardiography and chest X-ray needed to be available on a 24-
hour/day, 7-day/week basis; computed tomography brain scan-
ning on a 24-hour/day, 7-day/week basis; and neurosurgical 
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services with in 2 hours.4,15 
With the establishment of primary stroke center recommen-

dations, the next step was the development of a process for cer-
tification. As previously mentioned in this review, TJC and 
AHA/ASA agreed on a certification process for stroke that was 
classified as a Disease-Specific Certification.4 Three major ele-
ments of TJC Primary Stroke Center Certification were estab-
lished: 1) Compliance with and use of evidence-based stroke 
guidelines; 2) Implementation of TJC standards (e.g., accuracy 
of patient identification, effectiveness of communication among 
caregivers, reconciliation of medications, reduction of risk of 
harm from falls, and TJC disease-specific standards such as per-
formance measurement, clinical information management, and 
program management); and 3) Measurement of clinical out-
comes.4 In relation to stroke performance measures, a set of 
ischemic stroke harmonized measures was developed and in-
cluded but was not limited to deep venous thrombosis prophy-
laxis, antithrombotic therapy at discharge, anticoagulation ther-
apy at discharge if the patient had atrial fibrillation, dysphagia 
screening, stroke education, smoking cessation advice/counsel-
ing, and assessment for rehabilitation.4 Furthermore, a subset of 
these stroke performance measures were included for hemor-
rhagic stroke patients (e.g., deep venous thrombosis prophylax-
is, dysphagia screening, stroke education, etc.). It was at the dis-
cretion of the local primary stroke center to determine quality 
improvement plans and means to measure clinical outcomes. 
GWTG-S became a popular database tool to record and track 
performance measures. 

In 2011, the BAC group revised and updated recommenda-
tions for establishment of primary stroke centers.85 Based on lit-
erature review and local experience, the following areas were 
highlighted in the revised, updated statement: 1) Importance of 
acute stroke teams; 2) Importance of stroke units with teleme-
try monitoring; 3) Utilization of magnetic resonance imaging 
and diffusion-weighted magnetic resonance imaging sequences; 
4) Assessment of the cerebral vasculature by magnetic reso-
nance angiography or computed tomographic angiography; 5) 

Cardiac imaging to assess stroke etiology; 6) Early deployment 
of rehabilitation therapy; and 7) Independent local site certifica-
tion that includes a site visit and disease performance measures. 

Comprehensive Stroke Centers. In 2005, the BAC published 
a consensus statement about recommendations for compre-
hensive stroke centers.81 The recommendations emphasized 
service needs to deliver specialized care and included the fol-
lowing key components: 1) Specialized personnel (e.g., vascular 
neurology, vascular neurosurgery, critical care medicine, reha-
bilitative medicine, staff stroke nurses, and diagnostic radiolo-
gy/neuroradiology); 2) Diagnostic techniques (e.g., magnetic 
resonance imaging with diffusion, computed tomographic an-
giography, conventional cerebral angiography, transesophageal 
echocardiography, and transcranial Doppler); 3) Availability of 
surgical and interventional therapies (e.g., carotid endarterecto-
my, endovascular ablation, ventriculostomy, intra-arterial reper-
fusion, and brain hematoma evacuation); 4) Infrastructure (e.g., 
stroke unit, intensive care unit, operating suite and interven-
tional services coverage 24-hours/day, 7-days/week); and 5) 
Educational/Research Programs (e.g., community and profes-
sional education, and patient education).81 

In September 2012, TJC launched an advanced certification 
program for Comprehensive Stroke Centers.86 The new level of 
certification recognizes the substantial resources needed to es-
tablish and manage complex stroke and cerebrovascular cases. 
The certification requires centers to meet Disease-Specific Care 
requirements including but not limited to the following criteria: 
the program is in the US and has TJC accreditation; uses stan-
dard methods to deliver clinical care and uses performance mea-
sures over time; and cares for a minimum number of patients. A 
summary of eligibility requirements, in synch with the BAC 
recommendations,81 is listed in Table 3.86 The first comprehen-
sive stroke center applicants were reviewed in 2012 and approv-
al certifications are being issued. For more information about 
the application process or application for a comprehensive stroke 
center the reader is referred to the following web sites:

http://www.jointcommission.org/certification/advanced_

Table 3. The Joint Commission Eligibility Requirements for Comprehensive Stroke Centers86 

1. Meets Disease-Specific Care requirements
2. Volumes: 20 or more patients/year with subarachnoid hemorrhage, 15 or more endovascular ablations or aneurysmal clippings/year, and intravenous rtPA administration 

to at least 25 eligible acute ischemic stroke patients/year or over a 2-year period
3. Advanced Imaging: carotid duplex ultrasound, conventional cerebral angiography available on-site 24 hours/day, 7 days/week, computed tomographic angiography  

available on-site 24 hours/day, 7 days/week, extracranial ultrasonography, MR angiography-MRA available on-site 24 hours/day, 7 days/week, MRI, including diffusion 
weighted MRI available on-site 24 hours/day, 7 days/week, Transcranial Doppler, Transesophageal Echocardiography and Transthoracic Echocardiography

4. After hospital care coordination for stroke patients
5. Dedicated neurologic intensive care unit (ICU) beds for complex stroke cases
6. Peer review mechanism
7. Participation in IRB-approved, patient-centered stroke research
8. Collect standard performance measures for primary stroke centers and comprehensive stroke center performance measures, when available            
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certification_comprehensive_stroke_centers.aspx and dscin-
fo@jointcommission.org 

Conclusion

Stroke care has substantially evolved during the past several 
decades. The results of clinical trials of acute stroke care, preven-
tion and rehabilitation have led to new evidence-based options 
for care of stroke patients. One of the major advancements in 
stroke is organization of care which has and is being transformed 
by primary and comprehensive stroke centers. The latter ap-
proaches promise to provide better outcomes and cost-effec-
tiveness ones. 
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