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Noteworthy advances in the care of patients with 
acute ischemic stroke (AIS) have occurred in the 
past 5 years. In 2015, studies of endovascular 

therapy (EVT) for patients with AIS due to large ves-
sel occlusions (LVOs) demonstrated unequivocal ben-
efit in carefully selected patient populations using stent 
retriever devices. As a result, in 2015, the American 
Heart Association (AHA)/American Stroke Association 
(ASA) released a guideline update reiterating the impor-
tance of intravenous (IV) alteplase and recommending 
“patients should receive EVT with a stent retriever if they 
meet all the…criteria.” However, the benefits of treat-
ment from IV alteplase and EVT are both time sensitive. 
Thus, the previous AHA/ASA 2005 Recommendations 
for the Establishment of Stroke Systems of Care required 
significant revision to ensure timely access to both criti-
cal therapies and to reflect the full range of stroke cen-
ter certifications, including the recently created Joint 

Commission–approved thrombectomy-capable stroke 
center (TSC) certification program, intended to serve 
regions without comprehensive stroke centers to per-
form EVT. In response to the identified need to develop 
a set of consensus recommendations for prehospital 
destination plans tailored to specific population environ-
ments, a committee of leading national experts in pre-
hospital acute stroke care was convened at the AHA/
ASA International Stroke Conference in January 2018. 
There was consensus on the need for regional custom-
ization of stroke systems of care (SSOCs) to address 
differences in resources, hospital certifications, geog-
raphy, and population density and to educate prehos-
pital providers on new models of AIS care, particularly 
thrombectomy, and how they impact the SSOCs. This 
article outlines their recommendations and is intended 
to augment the most recent AHA SSOC policy state-
ment published in 2019.
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The Food and Drug Administration approval of IV 
alteplase in 1996 transformed treatment for AIS and 
remains the cornerstone of care to this day. This was 
the first acute therapy focused on reperfusion of isch-
emic tissue in AIS, potentially reducing stroke morbidity 
and mortality. To increase access to this new reperfusion 
therapy for as many eligible stroke patients as possible, 
it was necessary to integrate all regional stakeholders, 
especially Emergency Medical Services (EMS), involved 
in the care of patients with AIS into an effective SSOC.1 
In 2015, AIS care dramatically changed again when sev-
eral randomized clinical trials reported the benefit of EVT 
for patients with AIS secondary to LVOs. Soon thereaf-
ter, EVT received a class 1 level A recommendation from 
the AHA/ASA and became a standard of care for select 
patients with severe AIS.2–4 The demonstration of the 
efficacy of endovascular reperfusion therapy prompted 
the need to update SSOC to recognize regional stroke 
center reperfusion capabilities and to address unique 
regional geographic circumstances.

In response to the identified need to develop a set 
of consensus recommendations for prehospital destina-
tion plans tailored to specific population environments, 
a committee of leading national experts in prehospital 
acute stroke care was convened at the AHA/ASA Inter-
national Stroke Conference in January 2018. Attendees 
of this Prehospital SSOC Consensus Conference were 
selected by the societies represented and reflected the 
diversity of health care providers and settings found in 
the United States (see the participant list). The confer-
ence specifically focused on SSOC with an emphasis on 
the needs of the prehospital community. With the addi-
tion of EVT for LVO, the prehospital community now had 
to incorporate LVO scores in the initial assessment and 
make transport decisions based on the potential eligibility 
for IV thrombolysis and EVT. This document represents 
the final consensus recommendations of the conference 
attendees and their respective supporting or endorsing 
societies. The recommendations are intended to serve 
as a resource for those involved in creating and oversee-
ing regional SSOCs (eg, EMS directors, hospitals, stroke 
advisory groups, and local and state government regula-
tory authorities). Lastly, these recommendations reflect 
the current needs and opportunities relevant to SSOCs 
in the United States, yet similar challenges and solutions 
exist globally.

BACKGROUND—SSOCS
In 2019, the AHA published an update to the first pol-
icy statement in 2005 from the ASA Task Force on the 
Development of Stroke Systems, Recommendations 
for the Establishment of SSOCs, to reflect the changes 
needed in this new environment of stroke care, with sec-
tions explicitly addressing prehospital stroke screen-
ing tools and severity scales and preferential triage of 

selected patients with suspected severe stroke due to 
LVO to the nearest EVT-capable stroke center.1,5 Similarly, 
under the auspices of the AHA/ASA national initiative to 
advance systems of care for patients with acute, high-
risk, time-sensitive disease states, the AHA/ASA also 
updated its Mission: Lifeline Stroke EMS Acute Stroke 
Routing Algorithm (Figure  1; also available at https://
www.stroke.org/-/media/stroke-files/ems-resources/
ems-algorithm-acute-stroke-routing.pdf?la=en) to incor-
porate potential EVT eligibility into prehospital transport 
considerations, thus supporting regional SSOC efforts to 
facilitate appropriate and timely care for all AIS patients. 
These updates reviewed the framework for the 4 levels 
of stroke care facilities utilized in the current SSOC. In 
response to the perceived need for greater access to 
thrombectomy in areas distant from comprehensive 
stroke centers (CSCs), several of the organizations that 
certify or accredit stroke centers introduced the fourth 
level of certification for hospitals that can effectively per-
form EVT but do not meet all the criteria for CSC. We 
will refer to this level as a TSC but other terms referring 
to similar centers include “Thrombectomy Stroke Center” 
and “Primary Stroke Center Plus.” In particular, the policy 
statement recommended that (1) “in prehospital patients 
who screen positive for suspected stroke, a standard 
prehospital stroke severity assessment tool should be 
used to facilitate triage. In the absence of new data, it is 
reasonable to tailor the Mission:Lifeline Stroke algorithm 
to the needs of the community,” and (2) “when several 
hospital options exist within similar travel times, EMS 
should seek care at the facility capable of offering the 
highest level of stroke care. Further research is needed 
to establish travel time parameters for hospital bypass in 
cases of prehospital suspicion of LVO.”5

The 2019 Stroke System of Care recommendations 
article recognized this new level of EVT capability, “The 
proper role of TSCs in communities without any access 
to thrombectomy is straightforward; its role in a commu-
nity that already has access to a CSC is more controver-
sial, and plans for patients with suspected LVO should 
always seek the center of highest capability when inter-
facility travel time differences are short.” Challenges exist 
in implementing this doctrine due to concerns over the 
practicality of such triage, large shifts in patient allocation 
between hospitals, market/health care system forces, 
and risks of harm from overcrowding at CSCs due to 
overtriage. An accompanying editorial by Dr Robert Har-
rington, AHA President, highlighted the need for 3 areas 
of consideration. (1) Independent third-party organiza-
tions should “create and apply the standards for certifi-
cation and accreditation.6” (2) Local SSOCs, not national 
accrediting bodies, should identify “how best to imple-
ment these elements into a SSOC that meets their needs 
and resources and to define the types of hospitals that 
should qualify as points of entry for patients with sus-
pected LVO strokes…” (3) In areas with long travel times 
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to a CSC, “TSC programs should be part of the SSOC…” 
and “…they should have criteria for performance that 
are similar to that of a CSC for the subset of patients 
with ischemic stroke.” Lastly, Dr Harrington recognized 
“Ideally, when geography permits, locales will identify a 
CSC as the ideal choice for a suspected LVO patient if an 
ambulance needs to choose among several destinations, 
including Primary Stroke Centers and TSCs.”

With varying levels of stroke center certifications and 
unique regional and geographic considerations, local 
SSOC plans and implementations will vary widely. Regional 
stakeholders must collaborate to consider local prehospital 
and health care resources, individual stroke center capa-
bilities and performance, and geographic considerations to 
create an optimally adapted SSOC and destination proto-
col to ensure effective and efficient stroke care. When the 
initial Mission: Lifeline Stroke algorithm was introduced, 
it conservatively recommended triaging patients with 
suspected LVO to an EVT-capable center only when this 
added no more than 15 minutes of additional travel time 
and recognized that nonurban areas may need to modify 

these recommendations. While this was reasonable for 
urban areas with multiple nearby hospitals, more explicit 
guidance for how to modify these approaches for subur-
ban and rural environments was urgently needed, and this 
consensus document was an effort to address that need. 
Formal and informal feedback was solicited through mul-
tiple avenues as the consensus conference proceedings 
were shared. These include the Joint Commission (JC) 
public comment period for the TSC certification program, 
and  formal presentation to multiple AHA committees 
(Stroke Council, Mission: Lifeline Stroke Committee, AHA 
JC Stroke Technical Expert Panels, Hospital Accreditation 
Science Committee, and the SSOC Advisory Group). The 
most current Mission: Lifeline Stroke algorithm has modi-
fied transport time considerations incorporating longer 
transport times based, in part, on several triage models.

The coronavirus disease 2019 (COVID-19) pandemic 
further emphasizes the need for flexible adaptation of 
prehospital triage and interfacility transport in response to 
local and regional factors. Preferential routing of suspected 
LVO patients to centers with thrombectomy capability 

Figure 1. Mission: Lifeline Stroke Emergency Medical Services (EMS) Acute Stroke Routing Algorithm.
ABC indicates airway, breathing and circulation; ASRH, acute stroke-ready hospital; CSC, comprehensive stroke center; EVT, endovascular 
therapy; LKW, last known well; LVO, large vessel occlusion; POC, point of care; PSC, primary stroke center; and TSC, thrombectomy-capable 
stroke center. Reprinted from the American Heart Association with permission. Copyright ©2021.
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may be of even greater importance when in-hospital and 
interfacility delays are amplified in conditions such as the 
COVID-19 pandemic. Continuous assessment of local 
resources and challenges by those administering SSOC 
are necessary to ensure locally optimal performance.

BACKGROUND—HEALTH CARE 
RESOURCES
To best design a regional SSOC, a detailed understanding 
of hospital stroke capabilities is required. To do so, most 
SSOCs will rely on independent third-party assessments 
of regional hospital capabilities before they are incorpo-
rated in prehospital destination plans. To promote the opti-
mal quality of care and patient safety provided by health 
care facilities, various agencies or organizations periodically 
monitor and assess the quality of care at health care facili-
ties. State departments of health, professional organiza-
tions, and third-party independent organizations frequently 
provide assessment and review services for both overall 
care (accreditation) and disease-specific care (certifica-
tion). In the United States, the Centers for Medicare and 
Medicaid Services utilizes third-party organizations such 
as the JC to recognize health care facilities that meet the 
Centers for Medicare and Medicaid Services standards 
for patient safety and overall quality of care. Recognition 
by these accreditation and certification organizations is a 
condition of licensure for receiving Medicare and Medic-
aid reimbursements. Regional health care planning entities 
design disease-specific systems of care building, in part, on 
these platform accreditation and certification programs. It is 
important to understand the accreditation, certification, and 
designation definitions and roles as SSOCs are developed.

Accreditation
Health care facilities achieve accreditation by undergoing 
an internal self-assessment, as well as a third-party, exter-
nal review process to measure the level of performance 
against established standards. The accreditation process 
focuses on quality of care and patient safety by measur-
ing a facility’s performance and the impact of its quality 
improvement (QI) programs as required for meeting the 
Centers for Medicare and Medicaid Services Medicare 
conditions of participation. Hospital accreditation remains 
the cornerstone process to ensure health care facilities 
are committed to meeting overall high patient safety stan-
dards. Hospitals in the United States may receive core 
accreditation from 1 of the 4 Centers for Medicare and 
Medicaid Services–approved organizations: the JC, Det 
Norske Veritas, Healthcare Facilities Accreditation Pro-
gram, and Center for Improvement in Healthcare Quality. 
To avoid duplication in services, confusion over differing 
standards and the risk of lower quality often observed in 
self-attestation programs, state departments of health, 

or other regulatory bodies should utilize nationally rec-
ognized accreditation programs in the development and 
implementation of local, regional, and state SSOC.

Certification
Health care facilities may also apply for certification in 
specific clinical/disease areas. Certification typically 
builds upon an existing facility’s accreditation and recog-
nizes unique programs or services it provides (eg, isch-
emic stroke, heart disease, total joint replacement, and 
perinatal care). The process of certification is similar to 
accreditation in that it involves an internal self-assess-
ment of care quality and patient safety that is measured 
against established standards, and an onsite review by a 
third party, and is provided by multiple independent orga-
nizations. It is essential that when multiple organizations 
provide certification for the same level of center recog-
nition, the standardized performance measures used 
should be consistent across the certifying organizations 
to ensure those parties responsible for center designa-
tion can make accurate comparisons of capabilities and 
avoid a race to the bottom of lowering requirements to 
capture greater certification market share. Unfortunately, 
certification organizations do not currently utilize fully 
harmonized criteria for stroke center certification, partic-
ularly as it relates to minimum case volumes or physician 
training and experience. Regulatory authorities in each 
state should endorse a uniform set of standards that all 
hospitals must meet regardless of which certifying body 
they select to ensure an equal playing field for all centers.

The groundwork for stroke center certification was 
introduced by the National Institute of Neurological 
Disorders and Stroke in 1996, and many of its recommen-
dations and time targets were incorporated into the AHA/
ASA Advanced Cardiac Life Support program in 2000 as 
the Stroke Chain of Survival7 and the Brain Attack Coali-
tion programmatic structures in 2000.8 In 2002, a second 
National Institute of Neurological Disorders and Stroke 
symposium focused on barriers to delivering acute stroke 
treatment and encouraged stakeholders “to create stroke 
care networks to match and optimize patient needs and 
available resources.”9 These recommendations were fol-
lowed by the 2005 AHA/ASA Recommendations for the 
Establishment of Stroke Systems of Care,1 the 2013 Inter-
actions Within Stroke Systems of Care,10 the 2013 Brain 
Attack Coalition article on Acute Stroke-Ready Hospitals 
(ASRHs),11 and the 2019 update to the SSOC5 article, 
which articulated the foundations for the current 4-level 
SSOC and corresponding certifications. While the exact 
names for each level of care vary by certifying organization, 
we used the AHA/ASA terminology, which represents the 
majority of certified hospitals and the language emerging 
in local and regional regulations. The 4 levels, ASRH, pri-
mary stroke center (PSC), TSC, and CSC, are described in 
detail elsewhere and summarized in Table 1.5,10
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Level of Care: ASRH
An ASRH is typically a smaller facility that is unable to 
provide the full level of inpatient care available at a PSC. 
This type of hospital provides the majority of stroke care in 
rural or isolated suburban areas though few have sought 
formal certification and most rely heavily on telestroke for 
emergent stroke expertise and thrombolysis. The roles 
of an ASRH are to stabilize the patient, provide specific 
acute stroke care therapies including IV thrombolysis, 
and arrange timely transportation of patients to the near-
est stroke center as determined by the patient’s clinical 
status and further treatment indications. It is anticipated 
that within any rural region, at least 1 hospital would func-
tion as an ASRH and ideally seek formal certification, 
and EMS should preferentially triage suspected stroke 
patients to the nearest ASRH in these communities.

Level of Care: PSC
PSCs are typically small- to midsized community hospi-
tals with dedicated inpatient stroke units that care for the 
majority of stroke patients with typical ischemic strokes 
who do not require EVT, neurosurgical interventions, or 
neurocritical care unit level care or who have multisys-
tem disease. Some rural communities may have access 
to a nearby PSC, but the majority are located in or near 
suburban or urban areas. PSCs that perform EVT are not 
currently required to collect and report metrics on these 
procedures, although it is highly desirable.

Level of Care: TSC
TSCs are hospitals as described above that meet all 
criteria for PSCs but also provide EVT and must meet 
the same resource requirements, data collection, and 
reporting for EVT as CSCs.12 Unfortunately, most of the 
newly certified TSCs have appeared in communities with 

existing access to a CSC, rather than in areas without 
access to emergent EVT. This poses a challenge to EMS 
providers when faced with the choice of multiple destina-
tions and to EMS regulators when deciding whether or 
not to include TSCs in the local destination plans.

Level of Care: CSC
CSCs provide the full suite of services 24/7 for all stroke 
types including all hemorrhagic strokes.13 CSCs provide 
the full complement of stroke neurology, critical care, 
and neurosurgical personnel and infrastructure to man-
age the most complex ischemic and hemorrhagic stroke 
patients. These tertiary and quaternary facilities serve as 
centralized centers within mature SSOC and leverage the 
known volume-outcome relationships in cerebrovascular 
disease.14 It remains unknown what impact the new TSC 
designation will have on thrombectomy experience at the 
proposed TSCs and currently certified CSCs. Although 
the total number of LVO cases is expected to increase, 
insufficient total cases per hospital may dilute local hos-
pital and provider experience and adversely affect patient 
outcomes because a higher volume of cases is well 
known to be associated with improved performance.15,16

Estimates from ≈1250 PSCs and 250 CSCs that are 
formally certified and participate in national stroke QI pro-
grams suggest that initiatives focused on improving throm-
bolysis rates and reducing door-to-needle times (eg, AHA/
ASA Target: Stroke and CDC  Paul Coverdell National 
Acute Stroke Registry) have increased IV alteplase use 
to 8% to 15% of US patients hospitalized with AIS.17,18 In 
2011, 81% of US residents could access a thrombolysis-
capable stroke hospital (Figure 2) within 60 minutes by 
ground and 56% could access an EVT-capable center 
within 60 minutes by ground and 83% by ground or air.19 

Table 1.  Levels and Capabilities of Hospital Stroke Certifications

Characteristics ASRH PSC TSC CSC

Location Typically rural Often urban/sub-
urban

Often urban/sub-
urban

Typically urban

Stroke team accessible/available 24/7 Yes Yes Yes Yes

Noncontrast CT available 24/7 Yes Yes Yes Yes

Advanced imaging available 24/7
 (eg, CTA/CTP/MRI/MRA/MRP)

No Possibly Yes Yes

Intravenous thrombolysis capable 24/7 Yes Yes Yes Yes

Thrombectomy capable 24/7 No Possibly Yes Yes

Diagnose stroke etiology and manage poststroke complications Unlikely Yes, routine Yes,
complex

Yes,
complex

Admit hemorrhagic stroke No Possibly Possibly Yes

Clip/coil ruptured intracranial aneurysms No Unlikely Possibly Yes

Dedicated stroke unit No Yes Yes Yes

Neurocritical care unit and expertise No Possibly Possibly* Yes

Clinical stroke research performed Unlikely Possibly Possibly Yes

Source: American Heart Association, Inc.5 ASRH indicates acute stroke-ready hospital; CSC, comprehensive stroke center; CT, computed tomography; CTA, computed 
tomography angiography; CTP, computed tomography perfusion; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; MRP, magnetic resonance 
perfusion; PSC, primary stroke center; and TSC, thrombectomy-capable stroke center.

*Access to neurocritical care expertise required and may be provided by telemedicine.
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However, though the requirements vary between certifica-
tion programs, there are limitations on the number of sites 
that could qualify for CSC certification, based on the cur-
rent and proposed process and infrastructure program ele-
ments, as well as minimal annual patient and procedural 
volumes or specific services (eg, thrombectomy, neurosur-
gical interventions, and neurointensive care). Ideally, certi-
fication would be based on risk-adjusted outcomes rather 
than the proxy of process and volumes, but the mechanisms 
to implement this are currently lacking. All stakeholders in 
SSOC should advocate for the public reporting of patient-
centric quality measures from all elements of their SSOC.

It is estimated that roughly 250 US hospitals will be 
able to achieve CSC certification under current stan-
dards. The need for access to EVT outstrips this CSC 
supply substantially, but it is important that standards for 
CSCs not be lowered to meet the need for EVT but rather 
that a TSC standard is developed and implemented that 
provides all the capacity of a PSC plus the additional ele-
ments needed for EVT.20 Given these limitations, it is criti-
cal that communities without ready access to a CSC be 

provided with alternative methods to rapidly and reliably 
access high-quality EVT (Table 1).

The JC and AHA/ASA established a certification 
process for TSC in 2018 to encourage high-performing 
PSCs that offered EVT but did not meet all the crite-
ria for CSC certification to seek this new certification to 
perform EVT in a responsible and data-driven manner in 
regions without ready access to a CSC. The additional 
TSC requirements must be met on top of the base PSC 
certification requirements and include the additional 
standards, data elements, and measures for perform-
ing EVT required for CSC but without the CSC require-
ments related to the care of patients with hemorrhagic 
stroke. With the efficacy of EVT now proven up to 24 
hours since last known well in imaging selected patients 
and the introduction of TSC, it has become necessary to 
provide more nuanced guidance to EMS agencies and 
public health authorities to create feasible, practical, reli-
able, and sustainable destination plans for prehospital 
triage of suspected stroke cases in this era of complex 
assessment and intervention.

Figure 2. Access to thrombolysis-capable hospitals by ground or air medical transport.
Access by ground or air to intravenous recombinant tissue-type plasminogen activator (IV r-tPA)-capable hospitals within 60 minutes. Reprinted 
from Adeoye et al19 with permission. Copyright ©2014, the American Heart Association.
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Designation
Within the context of a disease-specific regional sys-
tem of care, designation typically refers to a hospital 
recognition process developed at a state or local level 
with guidance from a multistakeholder advisory commit-
tee. State and local governments first establish criteria 
to categorize hospital capabilities for a specific condi-
tion or disease state (eg, adult and pediatric trauma, 
stroke, and myocardial infarction).21 Some states inde-
pendently conduct their own certification programs (eg, 
stroke certification in New York22 and Massachusetts23), 
recognize certification by national organizations, or uti-
lize a certification process combining both. Trauma and 
ST-segment–elevation myocardial infarction systems of 
care incorporating hospital destination plans have been 
established and have demonstrated clear benefits of 
reduced morbidity and mortality,24–26 with recent data 
suggesting that independent third-party verification 
and higher case volumes are associated with improved 
patient outcomes.27–29 Before the availability of national 
certification options, several states were pioneers in 
developing SSOC, but due to limited resources and an 
abundance of pressing regulatory issues, these early 
designation or certification programs lacked many of the 
critical features of independent certification programs 
such as robust data collection and monitoring, participa-
tion in a national QI registry, and third-party verification. 
Unlike certification organizations that set the standards 
for sites to gain certification, states can and should be 
the governing bodies that regulate the use and con-
tent of prehospital stroke algorithms. This includes the 
detailed requirements for which levels of a multitiered 
stroke center certification should qualify for a site to 
become a preferential destination for suspected stroke 
and the customization of best practice regulatory mod-
els to fit their communities based on local and regional 
hospital performance, patient needs, and resource avail-
ability. A minority of states have statewide EMS proto-
cols that are mandatory for agencies to implement, while 
many more publish voluntary guidelines that may be 
adopted by individual agencies at their discretion. State 
and regional EMS oversight committees, through legis-
lative or regulatory authority, should incorporate hospital 
certification levels into destination plans/protocols that 
are evidence based or consensus driven to direct EMS 
destination decisions in the field.30 This article seeks to 
assist regulatory agencies in crafting regional regula-
tions and destination plans for regional SSOC focused 
on scene triage. While the timely and reliable execu-
tion of interfacility transport is another important topic 
in acute stroke care and EMS transport, the details of 
performing interfacility transport and defining the appro-
priate destination for patients with acute stroke was not 
in scope for this article on consensus-based recommen-
dations for prehospital triage.

METHODS
At the in-person meeting, the organizing committee began by 
outlining the current state of stroke care, reviewing pertinent lit-
erature, and discussing developments that are expected in the 
near future. A broad discussion among all attendees was held 
on the differing needs of each type of community. There was 
consensus on the need for regional customization of SSOC 
to address differences in resources, geography, and population 
density and to educate providers on new models of AIS care, 
particularly thrombectomy, and how they impact the SSOC.

The committee created 3 working groups to focus on AIS 
care, based on community characteristics, defined as rural, sub-
urban, and urban areas, to serve as consensus development 
panels.31 The individual panels met during the conference to 
discuss their particular community, the unique challenges faced, 
and potential solutions. All conference attendees reconvened, 
and each panel provided a report on their discussions.

After the in-person conference, the working groups contin-
ued the consensus process remotely, developing multiple itera-
tions of the written recommendations by circulation among the 
members. A final comprehensive set of recommendations was 
formulated, which served as the draft work product of the con-
ference and was circulated for review by all participating com-
mittee members for comment and feedback. Consensus was 
achieved among the members during the development of the 
recommendations, and as such, formal voting on each recom-
mendation was not held. After committee member review and 
revision of the document, it was sent to all participating orga-
nizations for review and consideration for endorsement. Based 
on organizational feedback, 2 iterative drafts were recirculated 
incorporating comments from the organizations and for final 
endorsement consideration.

These recommendations will require updating as new evi-
dence emerges on the benefits of various transport protocols. 
The opinions expressed in this statement are the views of the 
authors and the endorsing organizations and not necessarily 
those of their employers.

Community Classification for SSOC: Urban, 
Suburban, and Rural
Those tasked with developing and implementing regional SSOC 
face unique challenges as a function of their regional EMS and 
health care resources, geography, and population density. The 
working groups were created to discuss rural, suburban, and 
urban areas and produce unique summaries and recommenda-
tions for SSOC for each geography. There are many compet-
ing definitions of what defines urban versus rural communities, 
from Census Bureau definitions based exclusively on popula-
tion density to the Federal Office of Rural Health Policy, which 
incorporates distance to health care facilities, but all rely fun-
damentally on the US Census Tract definitions of the 10- or 
21-level rural-urban commuting area (RUCA) code system.32 
The RUCA codes classify US census tracts using measures of 
population density, urbanization, and daily commuting.

For this article, we define 3 types of SSOCs based on 
RUCA codes and time-based access to a stroke center capa-
ble of performing EVT, but not all communities will fit perfectly 
into these categories, and so local adaptions may be necessary.
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•	 We define a rural SSOC modification as appropriate for a 
nonmetropolitan region or a metro area region designated 
by a RUCA code from 4 to 10. These areas generally 
have low population densities (<50 000 residents), limited 
local general health care resources, few nearby ASRHs 
or PSCs, and often no CSCs/TSCs within a 60-minute 
transport time by ground EMS although they may be 
reachable by air medical transport.

•	 We define a suburban SSOC modification as appropriate 
for larger residential communities adjacent to an urban 
core, with RUCA codes of 2 to 3. These areas generally 
have a population density closer to the urban core thresh-
old and may have access to both nearby community hos-
pitals and suburban or urban advanced stroke centers 
(eg, CSC and TSC) within a 30- to a 60-minute trans-
port time by air or ground EMS. It is in suburban SSOC 
where there may be the greatest number of destination 
options and thus the greatest challenges for prehospital 
decision-making.

•	 We define an urban SSOC modification as appropriate 
for a metro region with a RUCA code of 1. These areas 
generally have high population densities (≥50 000 resi-
dents) and abundant health care resources, with access 
to ≥1 CSCs/TSCs within a 30-minute transport time by 
ground EMS.

These definitions are overly simplistic by design and are to 
be used as guiding principles rather than rigid categories. Each 
regional authority will need to adopt the proposed modifica-
tions most representative of their specific circumstances. While 
many regions will encounter unique obstacles for establishing 
an appropriate SSOC, they will likely also share many similar 
challenges in both the prehospital and in-hospital settings. 
After identifying common themes in rural, suburban, and urban 
areas, the committee further discussed unique challenges 
requiring consideration.

RESULTS
The 3 groups identified several important general 
themes. Many prehospital and in-hospital challenges 
are widespread, including financial pressures, frag-
mentation of care, physician and allied health care 
personnel shortages and burnout, and emergency 
department (ED) visit volumes that are either too 
high or too low for high-reliability stroke care. These 
challenges are compounded by the fact that triage 
algorithms risk becoming overly complex for such a 
high-impact but low-frequency event as AIS, which 
accounts for <5% of all EMS transports, ED visits, or 
hospital admissions.33 The working groups identified a 
set of common principles relevant to all regional SSOC 
and prehospital stroke triage algorithms.

Common Principles
Regional SSOC
A region-specific SSOC should be developed by all local 
stakeholders with consideration and integration of all 

regional stroke resources. Stroke advisory committees 
should be created and include representatives from all 
regional EMS services (including air medical transport), 
EMS medical directors, public safety answering points, 
hospitals of all certification levels, patient advocacy groups, 
professional/medical societies, and local and state gov-
ernments. These advisory committees should also include 
policymakers to develop and implement feasible local 
prehospital destination plans for EMS, interhospital col-
laborations, and discussions tailored to local geography 
and other available resources such as nearby EVT-capa-
ble centers (CSC and TSC). The destination plans should 
also require data collection and reporting of evidence-
based measures (Table 2) with benchmark comparisons 
to peer organizations and timely performance feedback. 
Prehospital records, including the National EMS Informa-
tion System data elements, should be incorporated into 
stroke registries to enhance total system performance 
assessment. As new national quality measures become 
available, they too should be incorporated (http://www.
nemsqa.org/completed-quality-measures).

Destination Plans
Ideal destination plans are complex, nuanced, and fac-
tor in all available data sources including traffic patterns, 
site-specific performance data on the frequency of use, 
and timeliness of guideline-recommended IV thrombo-
lytics and EVT, and their associated clinical outcomes. 
All EMS agencies providing services within the regional 
SSOC should be involved in the creation, administration, 
and auditing of compliance of the destination plan. This 
will ensure the harmonization of stroke resources (train-
ing materials, scales, scores, and protocols) and facilitate 
mutual aid. However, to be effective in real-world settings, 
EMS agencies should implement simple and actionable 
destination plans based upon both time and severity for 
patients with suspected AIS. Regional destination plans 
should consider general eligibility for IV thrombolytics and 
for those patients with suspected LVO within 24 hours of 
last known well should prioritize a nearby CSC over other 
centers of lower capability when available within accept-
able transport times, expressed in both absolute terms of 
maximum travel time and additional interval time from the 
scene to all available stroke centers.34

Public Education
All members of the SSOC should be engaged in public 
education efforts regarding stroke risk factors, warning 
signs, and symptoms of a stroke (eg, Face Arm Speech 
Test35 and Balance, Eyes, Face, Arm, Speech, Time36) and 
the importance of calling 911 for a person experiencing 
stroke signs and symptoms.

911 Stroke Screening
Public safety answering points (eg, 911 call centers) 
should utilize specific screening protocols for poten-
tial stroke patients and prioritize EMS dispatch at 
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the appropriate level for patients screening positive 
for acute stroke.37–39 In conjunction with EMS, public 
safety answering points should utilize QI processes 
to review screening and dispatch for patients trans-
ported by EMS who are suspected of having a stroke 
and whenever possible, review the final clinical hospi-
tal diagnoses. Call takers should have annual stroke 
education training requirements to maintain knowledge 
and proficiency.

Integration of Regional EMS Into the SSOC
1.	 Stroke management protocols, and valid, evidence-

based stroke screening tools and severity scales 
for identifying suspected acute stroke and those 
potentially due to LVO, should be harmonized 
across all first responder and EMS agencies in a 
given geographic region to facilitate training and 
communication among health care providers.40,41 
Stroke severity tools require further refinement to 
maximize sensitivity and specificity.

2.	 EMS agencies should ensure that stroke manage-
ment education is provided at least yearly and is 
integrated as a core care competency for their 
EMS providers. This training should be developed 
and delivered in conjunction or consultation with 
the agency’s stroke hospitals and local/regional 
EMS partners.

3.	 All EMS agencies within a region should adopt, 
in conjunction with their local, regional, and state 
EMS and hospital stakeholders, a single, valid, 
evidence-based stroke screening tool and severity 
scale for identifying suspected acute stroke and 
those due to LVO.40,41

4.	 EMS agencies should develop and utilize, in 
conjunction with their local, regional, and state 
EMS and hospital stakeholders, stroke destina-
tion plans based on stroke hospital locations and 
capability, anticipated transport times, and patient 
acuity.42 The local algorithm should include con-
sideration of air medical transport for longer 
transport distances.

5.	 Regional interfacility transport agencies should be 
trained for the safe and rapid transport of stroke 
patients, including patients who received thrombo-
lytics or who require consideration for EVT.

6.	 EMS agencies should develop uniform and inte-
grated prehospital stroke notification protocols with 
their receiving stroke hospitals. Prehospital notifi-
cation enables better preparation at the hospital 
and activation of parallel strategies, such as direct 
transport of the patient to the computed tomogra-
phy (CT) scanner by EMS on ED arrival and rapid 
evaluation of the patient by the emergency physi-
cian and stroke team when appropriate.

ED Stroke Expertise
EMS should prioritize hospitals that have ED staff who 
can assess and treat patients and have immediate access 
to local and regional stroke expertise either onsite or via 
telemedicine as required, to ensure rapid IV thrombolysis 
administration for eligible patients.

Advanced Imaging
For patients with suspected LVO, rapid access to intra-
cranial vessel imaging and interpretation should be avail-
able at most initial destination hospitals recommended in 

Table 2.  Examples of Consensus-Based Quality Improve-
ment or Performance Measures for Assessment of the Acute 
Phase of Stroke Systems of Care

1 911 dispatcher use of suspected stroke algorithms: percentage 
of confirmed stroke patients transported to a hospital by EMS 
and in whom stroke dispatch algorithm was used.

2 Identification of suspected strokes: percentage of confirmed 
stroke patients transported to a hospital by EMS and identified as 
suspected strokes.

3 Documentation of last known well and symptom discovery times: 
percentage of confirmed stroke patients transported to a hospital 
by EMS for whom a last-known-well time or time of discovery of 
stroke symptoms was documented.

4 Evaluation of blood glucose: percentage of confirmed stroke 
patients transported to a hospital by EMS for whom blood glu-
cose was evaluated by EMS.

5 Stroke screen performed and reported: percentage of confirmed 
stroke patients transported to a hospital by EMS for whom a 
validated regional or national stroke screen tool was used with 
documentation of the result.

6 Stroke severity score performed and reported: percentage of 
confirmed stroke patients transported to a hospital by EMS for 
whom a validated regional or national stroke severity tool was 
used to identify suspected LVO with documentation of the result.

7 Advanced notification with triage findings: percentage of stroke 
transports in whom EMS provided a stroke alert prenotification to 
the receiving hospital and provided additional information about a 
patient’s status.

8 EMS use of regional destination protocol: percentage of stroke 
transports in whom EMS triaged the patient according to their 
approved regional triage protocol.

9 On-scene times for suspected stroke: distribution of times for 
suspected stroke patients transported to a hospital by EMS with 
a goal for on-scene time ≤15 min.

10 DIDO at the first hospital before transfer: distribution of times for 
confirmed stroke patients transported to a hospital by EMS who 
were transferred to a higher level stroke center for time-critical 
therapy, with a goal for DIDO ≤60 min.

11 Time from EMS first medical contact to stroke alert notification: 
distribution of times for confirmed stroke patients transported to a 
hospital by EMS from the time from first medical contact to initia-
tion of stroke alert notification to the receiving hospital.

12 Time from EMS first medical contact to brain imaging: distribution 
of times for confirmed stroke patients transported to a hospital 
by EMS from the time from first medical contact to start of first 
brain imaging.

13 Time from first medical contact to EVT: distribution of times for 
confirmed stroke patients transported to a hospital by EMS from 
the time from first medical contact to the first pass of endovascu-
lar thrombectomy device.

DIDO indicates door-in door-out; EMS, emergency medical services; EVT, 
endovascular therapy; and LVO, large vessel occlusion.
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prehospital triage algorithms. In all regions, ASRHs and 
PSCs should develop plans to implement noninvasive 
vessel imaging (eg, CT or magnetic resonance angiog-
raphy) in selected patients, with rapid interpretation by 
staff onsite or via teleradiology. These images should be 
made available for review by regional CSC or TSC stroke 
team personnel with adjunctive telemedicine if needed 
to facilitate the selection of patients who may be candi-
dates for thrombectomy. In the future, automated image 
interpretation of CT angiography and perfusion imaging 
by artificial intelligence or machine learning–enabled 
algorithms will likely facilitate further improvements in 
patient selection for treatment or transfer. The acquisi-
tion of CT or magnetic resonance perfusion imaging at 
ASRHs and PSCs should be considered based on indi-
vidual patient characteristics or after consultation with 
the potential EVT receiving facility to minimize door-in-
door-out (DIDO) times.

Evidence-Based Inpatient Stroke Care
When options exist, prehospital destination plans and 
interfacility transport policies should prioritize the trans-
port of patients to a hospital with a dedicated stroke unit 
for poststroke care unless compelling circumstances 
favor them being triaged to or remaining at a local hospi-
tal without a stroke unit. Patients who receive initial care 
at an ASRH or basic receiving facility that does not have 
a stroke unit should generally be transferred to a higher 
level of stroke care for admission and evaluation.

Coordinated Interfacility Transport
When prehospital severity scores suggest the presence 
of an LVO, EMS personnel should alert the receiving 
hospital of the suspected LVO to facilitate subsequent 
rapid interfacility transport if the initial hospital is not EVT 
capable. Interfacility transport by ground or air should be 
rapidly available and integrated into all SSOCs. When 
options exist, prehospital destination plans and inter-
facility transport policies should prioritize transport of 
suspected LVO patients to a hospital with well-defined 
evaluation and stabilization protocols to minimize DIDO 
times for patients requiring transfer. It is important that 
when determining the optimal interfacility transfer des-
tination, hospital personnel weigh the many factors that 
contribute, such as continuity of care following telestroke 
consultation, time to thrombectomy for potentially eligible 
subjects, and patient preference. The transfer destination 
should reflect a patient-centered decision, and hospital-
corporate affiliation per se should not be a driving factor 
in decision-making.

Rapid Access to Appropriate Level of Care
The regional SSOC should ensure rapid access to the 
appropriate level of care, during both the prehospital 
and hospital phases of care. In general, when >1 stroke 
center is within close proximity from the scene, trans-
port to the highest level of care is preferable, and EMS 

should generally transport a patient with suspected LVO 
to the center with the highest level of care available if 
within acceptable transport times from the scene, sub-
ject to certain patient characteristics (eg, refusal by an 
otherwise competent patient, strong patient preference, 
or previously expressed limitations on the care that are 
inconsistent with performing EVT).43–45 Regional interfa-
cility transport agencies should be trained for the safe 
and rapid transport of stroke patients, including patients 
who received thrombolytics or who require consider-
ation for EVT.

Coordinated QI
All participating prehospital agencies should engage in 
QI programs coordinated with the SSOC as a whole, with 
an emphasis on dispatch, response, field triage, and tran-
sitions of care. Agencies should assess their adherence 
to recommended prehospital performance goals in acute 
stroke care.4

Required Data Collection and Reporting
States should require standardized data collection and 
reporting from health care entities and data sharing 
and transparency consistent with the exceptions to pri-
vacy laws governing routine health care operations and 
QI.30,46 These systems should include elements from 
the provision of stroke care from stroke detection and 
911 activation through hospital discharge.47 Clinical out-
comes should be used to assess the effectiveness of the 
regional SSOC. Because no randomized trial data exist 
to support a definitive recommendation on the accept-
able additional time when considering triaging a patient 
with suspected LVO to a CSC, ongoing research is criti-
cal to ensure optimal stroke care. During implementation, 
EMS systems and personnel will need time to become 
proficient in the performance, collection, and reporting 
of stroke screens and severity scores, the capture of 
relevant time intervals, and the assessment of triaged 
patients to permit quality assurance activities and case 
review. The data obtained from regional SSOC imple-
mentation and new research findings should be reviewed 
with members of the regional SSOC advisory committee 
and used to modify destination plans accordingly.

Variation in Maximum Transport Times Based on 
Community Classification
As the site of care shifts from sparsely resourced rural 
areas to suburban and urban communities with increasing 
numbers of hospital options for transport, the availability 
of ≥1 nearby advanced-level stroke centers becomes 
more likely and the impact of long travel times out of 
the EMS service area lessens. This resource distribution 
probability is reflected in our maximum total transport 
time, which is the greatest for rural areas at 60 minutes 
and is progressively reduced by 15-minute increments 
for suburban areas to 45 minutes and urban areas to 30 
minutes to minimize the likelihood of extensive transport 
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times in areas where locally advanced care options exist. 
These transport times are based, in part, on mathemati-
cal models of SSOC in the literature that have identified 
additional transport times for each region.48 Of note, the 
proposed times are meant to serve as starting points for 
local discussion; regional SSOC authorities may consider 
unique local circumstances and experiences to modify 
destination protocols and maximum transport times. In 
the future, optimal transport times will be determined, in 
part, by considering specific performance data from the 
various stroke centers within the SSOC.

Specific Modifications to SSOC 
Recommendations by Community Classification
Rural Challenges

Prehospital Care
Rural areas frequently are adjacent to >1 county, region, 
or state and are often served by a single health care 
facility or hospital with limited health care resources. 
Rural areas face many challenges in providing optimal 
stroke care. Rural EMS directors are more likely than 
their urban counterparts to report problems with recruit-
ing and retaining designated EMS medical directors and 
personnel, especially for agencies that rely on volun-
teers, and rural agencies are less likely to implement QI 
programs or provide continuing education for EMTs and 
paramedics.49 Rural EMS providers will encounter stroke 
patients less frequently than those in busy urban areas, 
making retention and execution of prehospital stroke 
protocols and skills more challenging. To be effective, 
education should be made available via online distribu-
tion channels and regional EMS conferences and be 
part of mandatory state continuing education require-
ments. In some areas, EMS services may be provided 
by EMTs or advanced EMTs, rather than paramedics, 
and these individuals may need additional support to 
achieve effective stroke recognition and triage. Com-
plexity should be minimized in stroke triage protocols 
to facilitate uniform and consistent execution by a wide 
range of personnel. Given the longer scene-to-hospital 
transport times in rural areas, technologies that provide 
remote access to stroke expertise in the vehicle either 
via telehealth or artificial intelligence to assist in diag-
nosis and triage may be especially beneficial in rural 
areas.50 Rural EMS agencies and their medical directors 
could benefit from ongoing support from regional CSC 
expertise for regular training and updates in evidence-
based prehospital and hospital acute stroke care.

EMS personnel often face a difficult choice of whether 
to transport a stroke patient to the nearest hospital or to 
a more advanced center that may be significantly further 
away, often in the opposite direction. This decision may 
also include whether or not to activate air medical trans-
port. These triage decisions have multiple implications, 

for the patient and the service area, because long trans-
port times may involve interstate travel or leave the EMS 
service area understaffed for other emergencies. Stroke 
triage for EMS is further complicated, especially in rural 
areas, if the only nearby small or critical access hos-
pital closes or persists only as a freestanding ED and 
by the reality that local EMS performs not only scene 
response but also interfacility transports. This will limit 
EMS destination options, increase transport times to 
the next nearest facility, and increase the amount of 
time that EMS vehicles and personnel are outside their 
designated service area and unable to respond to other 
emergencies.51,52

Health Care Facilities
Rural hospitals face similar challenges as EMS. They 
experience low annual volumes of stroke patients, 
increasing the challenge of retention and efficient and 
reliable execution of stroke care protocols. Rural hospitals 
may face financial and personnel shortages to a greater 
extent than their more urban counterparts. While a stroke 
coordinator is an essential resource at any stroke center, 
longevity in the role may be especially important at rural 
hospitals where they often contribute across a wide array 
of activities including abstraction, data entry, data moni-
toring, reporting, QI, and facilitating transitions of care. 
Institutional support for advancing the education of the 
stroke coordinator, and recognition of its importance to 
achieving high-quality stroke care and may enhance sat-
isfaction and reduce burnout in this role. This is another 
area where regional stroke expertise (such as from an 
affiliated CSC) can assist with ongoing education and 
performance improvement.

Access to neurological expertise at the bedside is 
frequently unavailable at rural hospitals. This problem 
is exacerbated in the event a stroke patient requires 
consultation with other specialists, such as cardiolo-
gists, who may also be in limited supply. The best inpa-
tient stroke care occurs in the setting of a dedicated 
stroke unit, yet rural hospitals often do not have the req-
uisite inpatient volume or dedicated nursing and allied 
health personnel to staff a formal stroke unit. Although 
telestroke has further expanded access to neurological 
expertise in underserved areas, challenges remain for 
rural areas (Figure 2).

Many rural hospitals lack the necessary infrastruc-
ture and resources to provide advanced stroke imag-
ing or treatments beyond noncontrast brain CT and IV 
thrombolysis. However, while many types of advanced 
brain imaging such as magnetic resonance imaging 
or contrast-enhanced CT perfusion are not available, 
CT angiography is increasingly being implemented in 
rural hospitals with interpretation onsite or via teleradi-
ology.53 When implemented in a manner that does not 
significantly increase DIDO times, these CT angiogra-
phy images should be made available for review by the 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 30, 2021



Special



 R

eport




e144    May 2021� Stroke. 2021;52:e133–e152. DOI: 10.1161/STROKEAHA.120.033228

Jauch et al Regional Stroke Destination Plan Recommendations

stroke team personnel at the regional CSC or TSC part-
ner with adjunctive telestroke evaluation as needed to 
facilitate selection of patients who may be candidates for 
thrombectomy.54 Regional CSCs should provide ongoing 
support to rural hospitals to improve local capacity and 
together develop rapid interfacility transfer protocols that 
minimize DIDO times and optimize care in the face of 
these challenges. Given that as many as 75% of sus-
pected strokes due to LVO do not receive EVT when they 
arrive at the regional CSC/TSC due to the absence of 
LVO or progression of ischemia, triage strategies should 
prioritize the principle that all eligible patients receive IV 
thrombolysis before transfer.55,56

Specific Recommendations for Rural SSOCs
1.	 Rural hospitals should work with area stakehold-

ers to develop prehospital response and destina-
tion plans with consideration for long transport 
times and the potential role of air medical trans-
port. Efforts should prioritize ensuring thromboly-
sis within 4.5 hours from last known well is locally 
available for all eligible patients. For those patients 
with suspected LVO, efficient transport to a throm-
bectomy-capable center (CSC or TSC) should 
occur as soon as possible.

2.	 In rural communities or those where large dis-
tances separate stroke centers, patients with sus-
pected LVO should be routed directly to a CSC if 
the additional transport time beyond the nearest 
TSC does not exceed 30 minutes and the maxi-
mum total transport time from scene to CSC does 
not exceed 60 minutes. If no CSC is within 60 min-
utes, then EMS should go directly to a TSC if the 
additional transport time beyond the nearest PSC 
or ASRH does not exceed 30 minutes and the 
maximum total transport time from scene to TSC 
does not exceed 60 minutes. If no CSC or TSC 
exists within 60 minutes of total travel time, then 
EMS should go to the nearest ASRH or PSC. If 
patients are medically unstable or unsafe for pro-
longed transport, EMS should follow local proto-
cols to determine appropriate destinations.

3.	 When no CSC or TSC is available within 60 
minutes of ground transport time, SSOC should 
include air medical transport options, define 
maximum allowable transport times, and consider 
implementing advanced brain imaging options at 
rural community hospitals to identify eligible can-
didates for EVT to keep the costs and potential 
harms of overtriage to a minimum during interfa-
cility transfer to a distantly located CSC or TSC. 
If feasible, these communities should work with 
surrounding area health care systems to prioritize 
the development of a regional TSC that is reach-
able within 60 minutes by ground transport or by 
air medical transport if needed.

4.	 EMS destination plans should prioritize rural hos-
pitals (or freestanding EDs if no rural hospital is 
available) that have formal collaboration agree-
ments with regional CSCs (or TSCs) for access 
to expert stroke consultation, often via telestroke. 
Such collaborations can help to determine whether 
interventions such as thrombectomy or neurosur-
gical services, or advanced care setting such as a 
neurocritical care unit, are required for any given 
patient. Written transfer agreements should be in 
place, and rural sites should implement QI pro-
cesses such as Mission: Lifeline Stroke to optimize 
and monitor DIDO times.

5.	 EMS providers in rural areas without access to EVT 
centers within a 60-minute transport time should 
transport suspected stroke patients to the nearest 
ASRH or PSC, especially for patients within the IV 
thrombolysis treatment window.

All rural hospitals should have an identified regional 
partner for advanced stroke care and a predetermined 
plan for rapid escalation of care, early notification of the 
regional partner, and rapid interfacility transfer when 
needed. Algorithms should include in parallel simultane-
ous notification of the CSC/TSC that operates in part-
nership with the rural hospital and activation of the EMS 
agency that will provide interfacility transport. Interfa-
cility transport should be at the level of ALS or higher 
when available. If >1 local destination option exists, EMS 
should preferentially transport patients to the nearest 
local hospital that has these protocols in place.

1.	 EMS should bypass a nearby rural hospital and use 
direct transport to access a higher level of acute 
care only when per local EMS system acute stroke 
triage algorithms and restrictions on maximum 
allowable travel out of the service area. All rural 
communities should assess their local health care 
resources and acute stroke triage algorithms and 
make the modifications necessary to create a sus-
tainable model for optimal health care outcomes 
that recognizes existing local constraints. Patients 
with suspected LVO who are beyond thrombolysis 
windows may require a different destination than 
those who are early in the ischemic window.

2.	 EMS destination plans should prioritize rural hos-
pitals that identify and support internal hospital 
stroke resources, including a dedicated stroke 
coordinator, and that seek to become certified as 
an ASRH to track their performance on evidence-
based stroke care.

3.	 Stakeholders should work with regional resources 
to establish rapid interfacility transport mechanisms 
for patients requiring EVT or a higher level of acute 
care. In rural areas, interfacility transfers will likely 
require local EMS for transport so the impact on ser-
vice should be considered. Additionally, EMS provid-
ers who participate in interfacility transport of stroke 
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patients should be trained in postthrombolysis 
management for those patients requiring interfacil-
ity transport, and transport of those patients should 
occur without delay. Completion of the thrombolysis 
infusion at the initial hospital should not delay inter-
facility transport in those potentially eligible for EVT 
except in exceptional circumstances.

4.	 EMS destination plans should prioritize rural hos-
pitals that participate in a regional stroke QI pro-
gram. Delays to definitive care should be carefully 
examined. All providers in the SSOC should pro-
vide feedback to each other about the acute stroke 
triage algorithms and destination plans including 
EMS and rural and regional hospital staff. The pro-
cess improvement should be patient centered and 
include all steps in the chain of acute stroke care.

5.	 Stroke centers in rural areas should seek to part-
ner with their regional CSC to provide access to 
stroke research and QI opportunities when feasible 
and commensurate with their capabilities.

Suburban Challenges

Prehospital Care
Suburban communities are often served by multiple EMS 
systems (eg, paid municipal, hospital based, and volun-
teer) and have multiple possible hospital destinations. 
Highly specialized hospitals may exist in suburban areas 
and serve both local suburban and nearby urban commu-
nities, while other suburban areas may be served by com-
munity hospitals with more limited health care resources. 
Distance, traffic, and county and state boundaries may 
all impact destination plans, taking patients to hospitals 
of different levels of stroke capability. Rapid residential 
growth in some areas of the country is transforming rural 
areas into suburban and suburban to urban without the 
requisite expansion of health care resources. In some 
major metropolitan areas, large medical centers have 
relocated from the urban core to densely populated sub-
urbs. In some communities, EVT-capable hospitals have 
proliferated in dense geographic concentration largely 
driven by market forces rather than the determination 
of need, creating overserved and underserved areas in a 
single region (Figure 3).

Health Care Facility
With higher population densities than rural areas, most 
suburban hospitals will admit a greater number of stroke 
patients than rural hospitals. This greater number of 
admissions may justify a greater degree of dedicated 
stroke coordinator support and more emphasis on staff 
stroke education and QI. Most stroke certification pro-
grams have explicit requirements for annual stroke edu-
cation for staff in key areas of the hospital where stroke 
patients receive care.

EDs at suburban hospitals may also have 24/7 avail-
ability of advanced imaging, including CT angiography 

and perfusion imaging, but despite the ability to perform 
advanced imaging, there may be delays in obtaining timely 
image interpretation, which may negatively affect DIDO 
times for EVT-eligible patients. Efforts should be made 
to reduce DIDO times and door-to-needle times through 
participation in national stroke QI programs. Recent data 
demonstrate that compared with PSCs, CSCs have sig-
nificantly higher rates of thrombolysis treatment, shorter 
median door-to-needle times, and more cases treated 
within 60 minutes of arrival, such that additional trans-
port time to a nearby CSC may still lead to a greater like-
lihood of thrombolysis and faster onset to thrombolysis 
times for many patients.34,57

Most suburban hospitals do not perform EVT or if 
they do, lack 24/7 EVT capability; patients treated at 
hospitals that perform EVT infrequently may experience 
greater delays in treatment initiation and worse outcomes 
compared with patients treated at hospitals with higher 
volumes. Sites performing EVT should strive for 24/7 
capability and CSC or TSC certification to allow integra-
tion into designation programs.58 At a minimum, states 
should require that noncertified centers performing EVT 
adhere to the common standards for EVT performance, 
data collection, and reporting for measurement and par-
ticipate in a national QI program for EVT.

Access to neurocritical care, emergent and elective 
neurosurgical services, and advanced diagnostics is an 
important part of the complete care for complex stroke 
patients, and transfer to a CSC may be indicated for 
patients even when they are not eligible for thrombolysis 
or EVT (eg, large-territory ischemic stroke, hemorrhagic 
stroke, rare causes of stroke, and complex comorbidi-
ties). Similarly, the limited availability of onsite stroke and 
rehabilitation specialists can impact patient outcomes 
when stroke patients are admitted to facilities that lack 
these services.59 Many factors such as low volumes of 
stroke patients, high costs of certification, and proximity 
to other certified stroke centers may discourage some 
suburban hospitals from seeking stroke center certifica-
tion. Regardless of capabilities and certifications, how-
ever, all providers should receive ongoing education and 
training in the triage and management of stroke patients.

Specific Recommendations for Suburban SSOCs
1.	 Like all geographic regions, suburban communities 

should establish an SSOC to maximize treatment 
opportunities for patients eligible for reperfusion 
strategies. In suburban communities with >1 des-
tination option, patients with suspected LVO should 
be routed directly to a CSC if the additional trans-
port time past the nearest TSC does not exceed 
30 minutes and the maximum total transport time 
from scene to CSC does not exceed 45 minutes. 
If no CSC is within 45 minutes, then EMS should 
go directly to a TSC if the additional transport time 
past the nearest PSC or ASRH does not exceed 30 
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minutes and the maximum total transport time from 
scene to a TSC does not exceed 45 minutes. If no 
CSC or TSC exists within 45 minutes of total travel 
time, then EMS should go to the nearest ASRH or 
PSC. If patients are medically unstable or unsafe for 
prolonged transport, EMS should follow local proto-
cols to determine the most appropriate destination. 
Triage algorithms should include in parallel simulta-
neous notification of a CSC/TSC that collaborates 
with the hospital, and activation of the EMS agency 
that will provide interfacility transport.

2.	 All suburban hospitals should have established 
protocols in place to rapidly and efficiently care 
for stroke patients, whether or not they chose to 
seek certification. This should include the admin-
istration of thrombolysis when indicated and the 
rapid assessment and transfer of patients eligible 
for EVT to CSCs or TCSs when indicated if not 
locally available.

3.	 If the suburban hospital is a certified PSC, then it is 
appropriate for most stroke patients to be admitted 

for poststroke care. Inpatient management of 
some complex stroke patients may require transfer 
to a CSC or TSC based on the stroke type and 
severity and availability of specialist consultation. 
Protocols for rapid transfer of patients requiring a 
higher level of care should be established within 
the regional SSOC. All hospitals should participate 
in a national stroke QI program.

4.	 Hospitals should have recurring stroke education 
for their staff and QI programs to optimize patient 
care processes, especially the ability to minimize 
DIDO time for patients needing transfer for EVT.

5.	 EMS providers in suburban areas without access 
to EVT centers within 45 minutes of transport 
time should transport suspected stroke patients to 
the nearest ASRH or PSC, especially for patients 
within the IV thrombolysis treatment window since 
many patients with suspected stroke due to LVO 
may not be candidates for EVT after evaluation. 
All suburban hospitals should have an identified 
regional partner for advanced stroke care and a 

Figure 3. Example of a current regional stroke system of care showing the density and distribution of endovascular therapy–
capable centers (comprehensive stroke center [CSC] and thrombectomy-capable stroke center [TSC]) in adjacent urban and 
suburban areas.
ASRH indicates acute stroke-ready hospital; and PSC, primary stroke center.
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predetermined plan for rapid escalation of care, 
early notification of the regional partner, and rapid 
interfacility transfer when needed. Algorithms 
should include in parallel simultaneous notification 
of the CSC/TSC that operates in partnership with 
the suburban hospital and activation of the EMS 
agency that will provide interfacility transport. If >1 
local destination option exists, EMS should prefer-
entially transport patients to the nearest local hos-
pital that has these protocols in place.

6.	 EMS destination protocols should prioritize subur-
ban hospitals that participate in a regional stroke QI 
program. Delays to definitive care should be care-
fully examined. All providers in the SSOC should 
provide feedback to each other about the acute 
stroke triage and transport process including EMS, 
rural hospital, and regional hospital staff. The pro-
cess improvement should be patient centered and 
include all steps in the chain of acute stroke care.

7.	 PSCs, TSCs, and CSCs in suburban areas should 
seek to partner with their regional CSC to pro-
vide access to stroke research and QI opportuni-
ties when feasible and commensurate with their 
capabilities.

Urban Challenges

Prehospital Care
Urban areas represent the most densely populated areas 
of the country. The borough of Manhattan in New York City 
alone has a population density of over 72 000 people per 
square mile. The challenge in the United States and glob-
ally is the increasing proportion of the population living in 
dense urban areas; over 80% of the US population now 
inhabits urban areas, and this percentage continues to 
grow. In urban areas, prehospital care services are provided 
by local municipalities and private EMS services owned 
and operated directly by health care systems. Urban health 
care settings provide access to the entire spectrum of spe-
cialists and services. In large cities, several large, tertiary 
care health care facilities with CSC certification serve the 
local population, often within miles of one another and in 
direct competition, while other areas of the urban core may 
be left without ready access to EVT services (Figure 4).60

Prehospital providers serving urban areas face many 
unique challenges. Urban areas often have large, diverse 
ethnic populations where language and cultural barriers 
may interfere with the timely use of 911 services, delay 
access to EMS, and the early diagnosis of stroke.61 The 
logistics of effective triage and transportation within a 
crowded urban environment that includes vertical hous-
ing structures and massive traffic congestion are sig-
nificant barriers for EMS access and transport of stroke 
patients. Further complicating urban triage is the emer-
gence of mobile stroke units (MSUs), often owned and 
operated by private health care systems rather than EMS 
agencies. First introduced in Germany and later in the 

United States, the typical MSU is simultaneously dis-
patched to the scene of a potential stroke or meets EMS 
transports midway.62 An MSU is equipped with all the 
necessary infrastructure and personnel necessary for 
diagnosing acute ischemic or hemorrhagic strokes and 
initiating IV thrombolysis. Definitive data do not yet exist 
for demonstrating cost-effectiveness or improved patient 
outcomes with the use of MSU, and the impact on the 
SSOC is not well understood. Depending on the diag-
nosis, the MSU or another EMS service can triage and 
transport to the most appropriate facility.

Health Care Facilities
As of 2019, there are ≈250 CSCs and 50 TSCs cer-
tified in the United States, with most of these situated 
in urban metropolitan locations. Geographic informa-
tion system visualizations of CSC and TSC locations 
are available from third-party organizations. Additionally, 
≈33% of PSCs self-report performing some EVT annu-
ally and currently in the United States, ≈56% and 85% of 
patients having access to an endovascular-capable hos-
pital within 60 minutes, by ground or air, respectively.19 
As certified CSCs and TSCs continue to expand in urban 
centers and PSCs enhance their EVT capabilities, the 
availability of advanced ischemic stroke care is increas-
ing. However, geographic oversaturation of facilities in a 
defined region may dilute patient volumes and reduce 
operator competency, while oversaturation of low com-
plexity stroke patients at CSCs can create overcrowd-
ing, increased cost, and decreased access for complex 
cases truly requiring CSC resources. It is worth noting 
that a concern expressed with the creation of the TSC 
certification was the development of TSCs within close 
proximity of established CSCs. As articulated by the JC 
and AHA in a joint statement, this was not the intent of 
the new certification program. “In areas without rapid 
access to a CSC, the TSC certification program provides 
an important option that EMS providers and state agen-
cies can use to design prehospital triage algorithms and 
SSOC to optimize access to thrombectomy for patients 
with suspected LVO.” Where available, CSCs remain the 
destination of choice for patients with suspected LVO. 
Therefore, prehospital destination plans must strive to 
route patients to the most appropriate level of care.5,6

Specific Recommendations for Urban SSOCs
1.	 EMS agencies should implement simplified and 

actionable destination plans that prioritize CSCs 
over other nearby centers for patients with sus-
pected LVO within 24 hours of last known well.

2.	 In urban communities with >1 destination option, 
patients with suspected LVO should be triaged 
directly to a CSC if the total transport time from 
scene to CSC does not exceed 30 minutes. If no 
CSC is within a 30-minute transport time, then 
EMS should go directly to a TSC if the total trans-
port time from scene to a TSC does not exceed 
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30 minutes. If no TSC or CSC exists within a 
30-minute total travel time, then EMS should go 
to the nearest PSC or ASRH. If patients are medi-
cally unstable or unsafe for prolonged transport, 
EMS should follow local protocols to determine 

the most appropriate destination. Triage algorithms 
should include in parallel simultaneous notification 
of the CSC/TSC that operates in partnership with 
the destination hospital and activation of the EMS 
agency that will provide interfacility transport.

Figure 4. Geographic overview of the urban stroke systems of care in Los Angeles County in February 2018 that highlighted 
several densely populated areas of need that did not have ready access to endovascular therapy from the available 
comprehensive stroke centers before the implementation of thrombectomy-capable stroke center certification.
Reprinted from The Joint Commission60 with permission. Copyright ©2018.
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3.	 Urban communities that have limited health care 
resources and no CSCs or TSCs within 45 minutes 
of the majority of scene departures should con-
sider adopting the recommendations for suburban 
communities.

4.	 Urban areas are often served by multiple EMS 
agencies and vehicles, including MSUs, so the 
integration of all these services into a cohesive 
SSOC is essential. Triage algorithms and destina-
tion plans should follow patient-centric protocols 
and not be dictated by EMS or MSU ownership 
affiliations.

5.	 Urban tertiary care facilities within an SSOC 
should serve as a source for exporting best prac-
tices, assist referring hospitals with in-house and 

transfer protocols, and provide overall continuing 
education opportunities for regional partners.

6.	 Urban tertiary care facilities within an SSOC 
should provide patient-specific and systems-level 
feedback to patient referral sites as part of ongo-
ing QI projects.

7.	 Stroke experts, typically found at CSCs in urban 
areas, should be included in local/state departments 
of health and governmental organization efforts to 
create legislative or regulatory priorities for stroke 
care and the enabling regulations for tiered SSOC.

8.	 PSCs, TSCs, and CSCs in urban centers should 
provide access to clinical trial opportunities for 
patients with stroke commensurate with their 
capabilities.

Figure 5. Simulation and decision modeling demonstrate that variation in the optimal destination in adjacent urban and 
suburban stroke systems of care is highly dependent on patient characteristics and traffic congestion.
Optimal triage strategies for a 65-y-old woman 10 min from symptom onset with rapid arterial occlusion evaluation (RACE) 3 (A) and RACE 8 (C) 
and 70 min from symptom onset with RACE 3 (B) and RACE 8 (D). Red circles indicate primary stroke center (PSC) is optimal, and blue circles 
indicate comprehensive stroke center (CSC) is optimal. More lightly shaded locations indicate less certainty in the optimal destination. Map data 
are provided by Google. Reprinted from Ali et al65 with permission. Copyright ©2018, the American Heart Association.
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Limitations
Due to the expediency of the conference organization, 
there were some limitations to the process. Given the 
multitude of important stakeholders in SSOCs, fur-
ther discussions and engagement should include addi-
tional national and regional partners as appropriate (eg, 
National Highway Traffic Safety Administration, Health 
Resources and Services Administration Federal Office of 
Rural Health Policy, and Trauma/EMS Systems). While 
this conference occurred at the International Stroke 
Conference, attendees were solely from the United 
States. Given the global importance of stroke, and the 
commonality of issues related to SSOCs, the consider-
ations noted in this article are applicable broadly, and 
future conferences should include global partners.63

A formal systematic literature search was not per-
formed before the meeting due to the lack of high-qual-
ity evidence to guide modifications in suburban and rural 
environments. Meta-analyses and statistical analyses 
were not applied to the limited available data. A formal 
definition of consensus was not established a priori; 
however, all participants had multiple opportunities to 
review all materials in development and provide feedback 
and criticism. Similarly, every endorsing organization had 
the opportunity to review and approve the recommenda-
tions. Nearly all participating organizations provided final 
endorsement or support of this article.

CONCLUSIONS
Patients with AIS now have opportunities for emergent 
reperfusion treatments never before available. SSOCs 
play a pivotal role in maximizing the opportunities for 
patients with AIS to receive this optimal care. Stake-
holders in each region/state should work together to 
develop a local SSOC that integrates the various health 
care resources into the most effective system of care 
possible. Early stroke recognition, effective triage and 
transport, and timely and effective hospital- and pro-
vider-based stroke treatment are each a critical link in 
an effective SSOC. Stakeholder collaboration to form an 
SSOC should be driven by the singular purpose of maxi-
mizing stroke outcomes for our patients. In recent years, 
substantial effort has been invested in prehospital simu-
lation modeling of optimal prehospital triage destina-
tions using decision science, machine learning, and other 
computational tools (Figure 5).6,48,64–67 This work, in addi-
tion to ongoing clinical trials, will likely provide additional 
evidence to further refine these tools and point-of-care 
decision support algorithms to support better evidence-
based prehospital triage in the coming years. As new 
research identifies evidence on which paradigms are 
most effective for stroke patient care and professional 
societies endorse these in evidence-based guidelines, 
these recommendations should be considered a living 
document and be revised and updated accordingly.
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