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For patients with acute ischemic stroke, time is critical. 
In acute ischemic stroke due to large vessel occlusion 

(LVO), ≈2 million neurons die every minute that reperfusion 
is delayed.1 Multiple randomized clinical trials have demon-
strated benefit from endovascular thrombectomy for patients 
with anterior circulation LVO.2–6 However, the success of 
this treatment is dependent on early intervention. The sooner 
the thrombectomy is performed, the greater the benefit that 
is derived.7–11

To reduce the time to intervention and increase thrombec-
tomy for treatment of LVOs, several stroke expert consensus 
groups have recommended Emergency Medical Services 
(EMS) switch from single-tier routing, in which EMS trans-
port all stroke patients to the closest stroke center, to 2-tiered 
routing, in which EMS transport the subset of stroke patients 
with suspected LVO directly to an endovascular-capable 
center, possibly bypassing primary stroke centers.12,13 Several 
observational studies have reported shorter time to interven-
tion with direct transport compared with secondary transfer, 

Background and Purpose—We quantified population access to endovascular-capable centers, timing, and rates of 
thrombectomy in Los Angeles County before and after implementing 2-tiered routing in a regional stroke system of care.

Methods—In 2018, the Los Angeles County Emergency Medical Services Agency implemented transport of patients with 
suspected large vessel occlusions identified by Los Angeles Motor Scale ≥4 directly to designated endovascular-capable 
centers. We calculated population access to a designated endovascular-capable center within 30 minutes comparing 2016, 
before 2-tiered system planning began, to 2018 after implementation. We analyzed data from stroke centers in the region 
from 1 year before and after implementation to delineate changes in rates and speed of administration of tPA (tissue-type 
plasminogen activator) and thrombectomy and frequency of interfacility transfer.

Results—With implementation of the 2-tier system, certified endovascular-capable hospitals increased from 4 to 19 centers, 
and within 30-minute access to endovascular care for the public in Los Angeles County, from 40% in 2016 to 93% in 2018. 
Comparing Emergency Medical Services–transported stroke patients in the first post-implementation year (N=3303) with 
those transported in the last pre-implementation year (N=3008), age, sex, and presenting deficit severity were similar. The 
frequency of thrombolytic therapy increased from 23.8% to 26.9% (odds ratio, 1.2 [95% CI, 1.05–1.3]; P=0.006), and 
median first medical contact by paramedic-to-needle time decreased by 3 minutes ([95% CI, 0–5] P=0.03). The frequency 
of thrombectomy increased from 6.8% to 15.1% (odds ratio, 2.4 [95% CI, 2.0–2.9]; P<0.0001), although first medical 
contact-to-puncture time did not change significantly, median decrease of 8 minutes ([95% CI, −4 to 20] P=0.2). The 
frequency of interfacility transfers declined from 3.2% to 1.0% (odds ratio, 0.3 [95% CI, 0.2–0.5]; P<0.0001).

Conclusions—After implementation of 2-tiered stroke routing in the most populous US county, thrombectomy access 
increased to 93% of the population, and the frequency of thrombectomy more than doubled, whereas interfacility transfers 
declined.    (Stroke. 2020;51:908-913. DOI: 10.1161/STROKEAHA.119.027756.)
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that is, drip-and-ship model.14–19 However, there is insuf-
ficient data regarding the effect of direct routing by EMS 
on patient outcomes.20 Although researchers attempting to 
model single-tier routing versus 2-tier routing have suggested 
potential benefits to bypassing primary stroke centers for 
suspected LVOs, these models rely upon multiple assump-
tions and depend on the specific characteristics of the re-
gional system.21,22 It is currently unknown whether moving 
from single-tiered to 2-tier routing will increase access to and 
frequency of thrombectomy treatment when actually imple-
mented within a regional stroke system. There is also concern 
that bypassing closer hospitals could delay administration of 
tPA (tissue-type plasminogen activator), another time-sensi-
tive intervention for stroke patients.19,23

Los Angeles (LA) County transitioned from a single-
tier to a 2-tier routing model in 2018. Taking advantage of 
this natural experiment, we quantified population access to 
endovascular-capable centers and frequency and timing of 
thrombolytic and thrombectomy therapy before and after 
system evolution.

Methods
This was a retrospective analysis of prospectively acquired registry 
data from the LA County EMS system. The study was reviewed 
and approved by the Harbor-UCLA Medical Center institu-
tional review board. Data is available upon request from the LA 
County EMS Agency per LA County Reference 622: Release of 
EMS Data available at http://dhs.lacounty.gov/wps/portal/dhs/ems/
prehospitalcaremanual.

LA County is a large metropolis, comprising 88 cities span-
ning over 4000 square miles with a population of ≈10.2 million. 
LA County EMS Agency operates a regional stroke system of 
care. Patients with acute stroke who accessed 9-1-1 are trans-
ported by EMS to 1 of 51 Approved Stroke Center (ASCs). The 
LA County EMS Agency designates ASCs after certification by a 
Centers for Medicare and Medicaid Services–approved accredit-
ing body, along with agreement by the hospital to provide 24/7 
accessibility for EMS-transported stroke patients based on re-
gional published standards.24 All ASCs participate in a system 
quality improvement program, and 47 of the stroke centers 
submit data on patient treatment and outcomes to the Get With 
The Guidelines–Stroke registry, including all of the designated 
endovascular-capable centers.

During the study time period, paramedics screened patients 
with acute neurological symptoms with last known well time 
(LKWT) within 6 hours with the modified LA Prehospital Stroke 
Screen to identify patients with probable acute stroke. In addition, 
paramedics used clinical judgment regarding patients with LKWT 
within 6 hours who were modified LA Prehospital Stroke Screen 
negative with the ability to contact online medical control for di-
rection if they continued to have a clinical suspicion for stroke. 
Paramedics routed all patients with suspected acute stroke and 
LKWT within 6 hours to an ASC. Patients with suspected acute 
stroke with LKWT >6 hours were routed to an ASC or to the clos-
est non-ASC facility according to online medical control guid-
ance; it was common for medical control to route all suspected 
acute strokes within 24 hours of LKWT to an ASC if reachable 
within 30 minutes. Beginning in 2016, paramedics utilized the LA 
Motor Scale (LAMS) to assess the stroke severity. However, para-
medics continued to transport all patients with clinical suspicion 
of acute stroke and LKWT within 6 hours to the closest ASC, re-
gardless of the LAMS.

On January 8, 2018, the LA County EMS Agency implemented 
a policy of 2-tiered routing such that patients with suspected 

stroke with LKWT within 6 hours and LAMS 4 or 5 were routed to 
the closest designated endovascular-capable center (ie, thrombec-
tomy-capable stroke center [TSC] or comprehensive stroke center 
[CSC]), if within a 30-minute transport time. Before this routing 
change, in 2016, the LA County EMS Agency initiated a process 
for designation of a second tier of stroke centers that had endo-
vascular stroke capability. To be designated as an endovascular-
capable center, ASCs were required to have been certified as a 
CSC or, as national certification for TSCs had not yet begun, were 
required to demonstrate current endovascular stroke capability on 
a site review by EMS staff (physician and nurse) and to achieve 
TSC certification from a Centers for Medicare and Medicaid 
Services–approved organization within the year. Patients with 
LAMS 0 to 3 continued to be routed to the closest ASC regard-
less of endovascular capabilities. Beginning in July 2018, patients 
with LAMS 4 to 5 and LKWT within 24 hours were routed to the 
closest endovascular-capable stroke center if reachable within 30 
minutes.25,26

For this study, we determined population access to a desig-
nated endovascular-capable center within 30 minutes using 2015 
LA demographic data. We compared access in 2016, before system 
planning and designation of endovascular-capable centers began 
to 2018 after 2-tiered routing went into effect. In addition, we 
evaluated the frequency of tPA administration, thrombectomy, 
and interfacility transfer for higher-level care among patients with 
acute ischemic stroke using data from Get With The Guidelines–
Stroke for 1 year before and after implementation of 2-tiered stroke 

Table 1.  Date of Certification or LA County Designation as an Endovascular-
Capable Center

Approved Stroke Center Date*

Ronald Reagan UCLA Medical Center October 7, 2014

Cedars Sinai Medical Center December 5, 2014

St. Jude Medical Center February 2, 2015

Glendale Adventist Medical Center August 14, 2015

Los Robles Hospital and Medical Center October 18, 2016

Good Samaritan Hospital December 14, 2016

Long Beach Memorial Medical Center January 20, 2017

Huntington Hospital June 20, 2017

PIH Health Hospital - Whittier August 8, 2017

Kaiser Foundation Hospital - Los Angeles August 11, 2017

Los Alamitos Medical Center November 15, 2017

Methodist Hospital of Southern California January 8, 2018

Providence Little Company of Mary Medical  
Center Torrance

January 8, 2018

Providence Saint Joseph Medical Center January 8, 2018

Dignity Health Northridge Hospital Medical Center February 5, 2018

Pomona Valley Hospital Medical Center February 15, 2018

Torrance Memorial Medical Center February 15, 2018

Providence Saint John’s Health Center March 1, 2018

Santa Monica UCLA Medical Center May 1, 2018

PIH indicates Presbyterian Intercommunity Hospital; and UCLA, University of 
California Los Angeles.

*Date of Comprehensive Stroke Center certification is provided in
advance of LA County designation. Hospitals certified before 2-tiered routing 
implementation were officially designated at the start of the 2-tiered routing 
program on January 8, 2018.

http://dhs.lacounty.gov/wps/portal/dhs/ems/prehospitalcaremanual
http://dhs.lacounty.gov/wps/portal/dhs/ems/prehospitalcaremanual
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routing. Finally, we compared 5 process times before and after the 
routing change (1) time from paramedic on scene, that is, first med-
ical contact, to emergency department arrival, that is, door; (2) time 
from first medical contact to start of intravenous lytic, that is, needle 
(FMCTN); (3) time from door to needle; (4) time from first medical 
contact to start of endovascular procedure, that is, puncture; and 
(5) time from door to puncture. For the latter comparisons, we in-
cluded all adult patients with acute ischemic stroke transported to
an ASC and included in Get With The Guidelines–Stroke registry
during the study period. The pre-period was January 8, 2017 to
January 7, 2018. The post-period was January 8, 2018 to January
7, 2019.

To calculate population access, we utilized the Create 
Drive-Time Area analysis on ArcGIS Online (Esri, Redlands, 
CA) to determine a 30-minute transport time radius around 
each endovascular-capable center. Esri uses historical traffic 
data from HERE, https://www.HERE.com. The 30-minute ra-
dius was determined based on typical conditions for Thursdays 
at 17:00, given this is the heaviest traffic time in LA County. 
We estimated the population geographic distribution from 2015 
LA demographic data.27 To compare the frequency of interven-
tions before and after the policy change, data from Get With The 
Guidelines–Stroke were analyzed using SAS 9.4 (SAS Institute, 
Cary, NC) statistical software. We determined the frequency and 
calculated the odds ratios for tPA administration, thrombectomy, 
and interfacility transfer for higher-level care before and after 
the policy change. We calculated the medians with interquartile 
ranges for treatment time intervals for the pre-implementation 
and post-implementation periods and compared groups with the 
Hodges Lehmann median difference test.

Results
The announcement of planned implementation of 2-tiered 
routing was associated with an increase in the number of 
hospitals certified as endovascular-capable centers. At the 
start of 2016, the system had 4 CSCs and 45 Primary Stroke 
Centers (PSCs). At the end of 2018, the system had 17 CSCs, 
2 TSCs, and 32 PSCs. The dates of certification or designation 
as an endovascular-capable stroke center for each ASC are 
shown in Table 1. In 2018, 93% of LA County’s 10.2 million 
residents were within 30 minutes of an endovascular-capable 
center compared with 40% in 2016 (Figure).

Comparing EMS-transported stroke patients in 2018 post-
implementation (n=3303) with those transported in 2017 pre-
implementation (n=3008), baseline age, gender, and National 
Institutes of Health Stroke Scale were similar, though patients 
in the post-implementation period were slightly more likely 
to be non-Hispanic white (Table 2). In the pre-implementa-
tion period, 52% (1560/3008) of ischemic stroke patients 
were transported by EMS to one of the subsequently desig-
nated endovascular-capable centers; this increased to 68% 
(2232/3303) in the post-implementation period.

Administration of reperfusion therapies to EMS-transported 
patients increased concurrent with implementation of the 2-tier 
routing system. tPA administration among EMS-transported 
patients increased post-implementation as compared to the 

Figure. Access to endovascular-capable centers in Los Angeles County.

https://www.HERE.com
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pre-implementation period, 26.9% versus 23.8% (odds ratio, 
1.2 [95% CI, 1.05–1.3]; P=0.006). Thrombectomy among 
EMS-transported patients increased substantially after the rout-
ing change, 15.1% versus 6.8% (odds ratio, 2.4 [95% CI, 2.0–
2.9]; P<0.0001). The thrombectomy rates increased in each of 
the last known well to puncture time intervals of 0 to 6 hours, >6 
to 8 hours, and >8 to 24 hours (Table 3). In addition, interfacil-
ity transfers for higher level of care significantly declined,1.0% 
versus 3.2% (odds ratio, 0.3 [95% CI, 0.2–0.5]; P<0.0001).

There were no differences in first medical contact to 
emergency department   door times between thrombectomy 
patients in the pre-implementation and post-implementation 
period, 26 minutes (interquartile range [IQR], 21–32) in both 
cohorts. Data were available for 99% of door to needle times 
and 93% of door to puncture times in both groups. Median 
door to needle time decreased in the post-implementation 
period, 45 minutes (IQR, 35–63) compared with 50 minutes 
(IQR, 38–66) pre-implementation, median decrease 4 min-
utes ([95% CI, 2–6] P=0.0006). Door to puncture times did 
not change significantly. Median door to puncture time post-
implementation was 104 minutes (IQR, 76–134) compared 
with 109 minutes (IQR, 82–149) pre-implementation, median 
change −7.5 minutes ([95% CI, −16 to 1] P=0.07).

For paramedic on scene time to interventions, data were 
available for FMCTN time for 83% in the pre-period and 95% 
of the post-period and for first medical contact to puncture time 
for 71% of the pre-period and 90% in the post-period. Median 
FMCTN time decreased, from 76 minutes (IQR, 61–94) to 
72 minutes (IQR, 59–91), median decrease 3 minutes ([95% 
CI, 0–5] P=0.03). Median first medical contact to puncture 
time post-implementation was 129 minutes (IQR, 100–156) 

compared with 135 (IQR, 111–171) pre-implementation, me-
dian change −8 minutes ([95% CI, −20 to 4] P=0.2).

Discussion
In this study, implementation of a 2-tiered routing policy in a 
large regional acute stroke care system was associated with a 
doubling of the population with 30-minute access to throm-
bectomy care to 93% of residents. The frequency of endovas-
cular thrombectomy increased substantially from 1 in 15 to 1 
in 7 EMS-transported ischemic stroke patients. The frequency 
of intravenous thrombolytic therapy also increased to a lesser 
degree. Interfacility transfer rates were reduced substantially 
from 1 in 31 EMS-transported patients to 1 in 100. Treatment 
time intervals were shorter or comparable, not longer, after 
2-tier routing implementation, with time from paramedic on
scene to start of intravenous lysis occurring 3 minutes faster
in the post-implementation period.

In 2016, although over a year had passed since the first of 
the landmark trials demonstrating benefit from thrombectomy 
for LVO stroke, the regional acute stroke care system included 
only 3 certified endovascular-capable centers in county and 
one in a neighboring county, affording access to an endo-
vascular-capable center within a 30-minute transport to just 
40% of the LA County population. There was no designation 
process to distinguish these centers from other ASCs in the 
system. With the introduction of the system change to 2-tiered 
routing with endovascular-capable center designation, we 
found a large increase in centers seeking CSC or TSC cer-
tification. Stroke certification by a Centers for Medicare and 
Medicaid Services–approved accrediting body is a require-
ment for designation as an ASC in LA County. Hospitals must 
voluntarily seek these certifications, which take a substantial 
investment in resources. Additional resources are required 
to achieve a higher-level certification, so hospital leadership 
must recognize a benefit to this investment. EMS implemen-
tation of policies of direct routing to specialized centers can 
be a potent stimulus for hospitals to seek specialty service ac-
creditation. Previously, in a study of California EMS systems, 
Schuberg et al28 found that initiation of 1-tier EMS routing of 
acute stroke patients to PSCs was associated with an increase 
in the number of facilities seeking this designation. In our 
later time period, it is likely that the anticipated further system 
change to 2-tier routing, with direct transport of select patients 

Table 2.  Patient Characteristics by Routing Cohort

Single-Tier (N=3008) Two-Tier (N=3303)

N % N %

Sex

 ���Male 1493 49.6 1566 47.4

 ���Female 1513 50.3 1736 52.6

 ���Unknown 2 0.1 1 0.0

Age, y, median/IQR 76 64–85 76 65–86

Race

 ���Asian 369 12.3 394 11.9

 ���Black 374 12.4 402 12.2

 ���White 1816 60.4 2127 64.4

 ���American Indian 8 0.3 6 0.2

 ���Pacific Islander 12 0.6 18 0.6

 ���Mixed race 8 0.3 7 0.2

 ���Unknown race 421 14.0 349 10.6

Hispanic ethnicity 733 24.4 696 21.1

NIHSS, median/IQR 7 3–16 7 3–17

IQR indicates interquartile range; and NIHSS, National Institutes of Health 
Stroke Scale.

Table 3.  Frequency of Thrombectomy According to LKW to Puncture Time 
Interval by Cohort

Time Interval

Single-Tier (N=3008) Two-Tier (N=3303)
Relative 
ChangeN % of All N % of All

All 204 100% 498 100% ↑ 144%

0–6 h 123 60% 304 61% ↑ 147%

>6–8 h 10 5% 19 4% ↑ 90%

>8–24 h 39 19% 89 18% ↑ 128%

>24 h 4 2% 3 1% ↓ 25%

Unknown 28 14% 83 17% ↑ 196%

LKW indicates last known well.
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to endovascular-capable centers, may have encouraged addi-
tional facilities to obtain endovascular-capable designation.

The potential to delay delivery of intravenous thrombolytic 
therapy with bypass of closer PSCs has been a concern for pol-
icies that route select patients directly to further endovascular-
capable centers. The longer transport times could potentially 
increase FMCTN times or even reduced use of thrombolytics 
if prolonged transport causes patients to arrive at the hospital 
beyond treatment time windows. The data from our experience 
is reassuring; 2-tier routing was associated with both an in-
crease in patients receiving thrombolytic therapy and reduced 
FMCTN time. Our findings are similar to prior studies that 
have found that faster door to needle times at CSCs compared 
with PSCs can offset longer transport times.19,29 Comparing 
treatment of acute ischemic stroke across the US between 
PSCs and CSCs, Man et al30 found that CSCs had higher rates 
of tPA administration, and more patients were treated within 
60 minutes from emergency department arrival. In our region, 
an additional factor mitigating potential delays in administra-
tion of tPA was the large number and wide geographic disper-
sion of hospitals with endovascular-capabilities and the policy 
limiting transport times for bypass at 30 minutes.

Another development in endovascular stroke care that 
occurred in the same time period as the implementation of 
the 2-tier routing system in LA County was wide adoption 
nationally of an expanded time window for thrombectomy, 
to include imaging-selected patients in the 6- to 24-hour 
time window. However, when comparing the frequency 
of thrombectomy before and after the routing change by 
time interval, we found that the increase occurred at least 
as strongly among patients treated within 6h of last known 
well, who were unaffected by the indication expansion. 
Therefore, altered patient selection was not the driving 
force behind the higher thrombectomy rates observed after 
2-tier system implementation.

This study has limitations. First, with a longitudinal
before-after design, this study is unable to determine cau-
sality. Specifically, temporal trends in thrombectomy as this 
new therapy is more widely adopted may have contributed 
to an increase in system-wide rates of thrombectomy even 
without 2-tiered routing. Other changes in practice during the 
study period may have contributed, in part, to the observed 
increases in treatment rates and decreases in treatment times. 
Second, as analyses were confined to primary 911 transports 
and not interfacility transfer patients, which may lead to a 
slight overestimation of the increase in thrombectomy and 
underestimate any decrease in thrombectomy treatment times 
between the 2 time periods if present. Third, these results are 
from a single urban-suburban EMS system may not be gen-
eralizable to other systems, particularly those in rural areas.

Summary
After implementation of 2-tiered stroke routing in the most 
populous US county, thrombectomy access increased to 93% 
of the population, and the frequency of thrombectomy more 
than doubled. The frequency of thrombolytic therapy also 
increased, whereas time to administration decreased. Further, 
interfacility transfers for higher levels of care declined.
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Los Angeles County Stroke Data Collaborative
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School of Medicine at USC; Helaine Kaufman, RN, Providence 
Saint Joseph Medical Center; Ivan Rokos, MD, Olive View Medical 
Center; Jason Tarpley, MD, Providence Saint John’s Health Center; 
Jeffrey Saver, MD, Ronald Reagan UCLA Medical Center; Jennifer 
Anotado, RN, Adventist Health White Memorial; Lorrie Perez, RN, 
Los Angeles County Emergency Medical Services Agency; Marianne 
Gausche-Hill, MD, Los Angeles County Emergency Medical 
Services Agency; May Nour, MD, Ronald Reagan UCLA Medical 
Center; Michelle Jocson, RN, Glendale Adventist Medical Center; 
Michelle Williams, RN, Los Angeles County Emergency Medical 
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of Medicine at USC; Nichole Bosson, MD, MPH, Los Angeles 
County Emergency Medical Services Agency; Nima Ramezan, MD, 
Long Beach Memorial Medical Center; Nirav Patel, MD, Long 
Beach Memorial Medical Center; Patrick Lyden, MD, Cedars Sinai 
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