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Abstract

Objective: Whether patients with acute stroke and large vessel occlusion (LVO) bene-
fit from prehospital identification and diversion by emergency medical services (EMS)
to an endovascular stroke therapy (EST)-capable center is controversial. We sought
to estimate the accuracy of field-based identification of potential EST candidates in a
hypothetical best-of-all-worlds situation.

Methods: In Kaiser Permanente Northern California, all acute stroke patients arriving
at its 21 stroke centers between 7:00 am and midnight from January 2016 to Decem-
ber 2019 were evaluated by teleneurologists on arrival. Initial National Institutes of
Health Stroke Scale (NIHSS) score, presence of LVO, and referral for EST were obtained
from standardized teleneurology notes. Factors associated with LVO were evaluated
using generalized estimating equations accounting for clustering by facility.

Results: Among 13,377 patients brought in by EMS with potential stroke, 7168 (53.6%)
were not candidates for acute stroke interventions. Of the remaining 6089 cases, 2,573
(42.3%) had an NIHSS score >10, the cutoff with a higher association for LVO. Only
703 patients (27.3% with NIHSS score >10) were ultimately diagnosed with LVO and
referred for EST. Across all NIHSS scores, only 884 (6.6%) suspected acute stroke
patients had LVO and EST referral.

Conclusions: Even if field-based tools were as accurate as NIHSS scoring and predic-
tions by stroke neurologists, only about 1 in 4 acute stroke patients diverted to EST-
capable centers would benefit by receiving EST. Depending on geography and stroke
center performance on door-to-needle time, many systems may be better served
by focusing on expediting evaluation, treatment with intravenous thrombolysis, and

transfer to EST-capable centers.
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1 | INTRODUCTION

1.1 | Background

Both thrombolytic treatment and endovascular stroke therapy (EST)
are highly effective therapies in acute stroke.’~® Number needed to
treat (NNT) for thrombolytic treatment is 4 and NNT for endovas-
cular treatment in patients without advanced imaging preselection is
7.78 Both therapies are also highly time dependent with much bet-
ter outcomes for both faster thrombolytic as well as faster endovas-
cular therapy.”® In patients with large vessel occlusion (LVO), EST plus
intravenous thrombolysis are much more effective than thrombolysis
alone in improving functional outcomes for patients with acute strokes
and LVOs.”2-12 Consequently, identification of an accurate prehospital
triage system to send patients with possible LVO to appropriate EST-
capable centers has been a priority.

In this effort, at least 19 stroke scales have been developed. The
National Institutes of Health Stroke Scale (NIHSS) is the most complete
and detailed of these scales but has been thought too cumbersome for
use by EMS in the field. Thus, LVO prediction scales have been devel-
oped as subsets of the full NIHSS and several of these have been eval-
uated in prehospital settings, but none are both highly sensitive and
specific in accurately identifying patients with LVO.13-18 Furthermore,
whether field-based diversion based on such clinical scales improves
outcomes is uncertain, as study results have been mixed.2?-23 Field-
based triage and diversion comes at the risk of increasing treatment
time for stroke patients qualifying for intravenous thrombolytic ther-
apy if a closer hospital capable of treating the patient with thrombolyt-
ics is bypassed in favor of a more distant one with EST capabilities or in
favor of an EST-capable center whose door-to-treatment time is slower
than the primary hospital.

1.2 | Importance

To maximize benefits of both forms of treatment (intravenous
thrombolysis and EST) in a population of patients with acute
strokes, it is important to understand the relative frequency of
these treatments in the group, as well as the potential for accu-
rate identification of patients likely to undergo EST. Modeling
studies for field-based diversion suggest that the optimal deci-
sion depends upon the frequency of LVO in the population, travel
time between centers, and performance of primary stroke centers
(PSCs) and comprehensive stroke centers (CSCs) regarding time to
treatment.24-26

1.3 | Purpose/goals of this investigation

There were 3 primary goals of this study: (1) to investigate the current
accuracy of emergency medical services (EMS) identification of acute
strokes in a large population of suspected stroke patients brought to
Kaiser Permanente Northern California (KPNC) hospitals; (2) to model

The Bottom Line

The initial out-of hospital evaluation of stroke is critical in
determining preliminary stroke risk suspicion and possible
transport to centers capable of advanced stroke interven-
tions. This study in a single health system of 21 hospitals
looked at 13,377 patients brought in by emergency medi-
cal services with potential stroke. Teleneurology evaluations
on arrival found that 7168 (53.6%) were not candidates for
acute stroke interventions. Of the remaining 6089 cases only
703 patients (27.3% with National Institutes of Health Stroke
Scale score >10) were ultimately diagnosed with large vessel

occlusion and referred for endovascular stroke therapy.

the best possible ability of EMS to accurately predict patients who
were candidates for EST if they were to use the most complete current
stroke scale in widespread use (NIHSS) with an accuracy equaling that
of experienced stroke neurologists; and (3) to evaluate whether, based
on the frequency of acute stroke treatments in this population, field-
based clinical evaluation could be accurate enough to identify a subset
of stroke patients who would benefit from diversion past a closer hospi-
tal without harming patients who would be better served by transport

to acloser hospital.

2 | METHODS

2.1 | Study design and setting

KPNC provides care at 21 community hospitals serving a population
of > 4.5 million members. There are ~ 1.3 million emergency depart-
ment visits and 3500 ischemic stroke discharges per year. Patients
are demographically similar to the overall population of Northern
California.2” There are 13 separate EMS agencies operating in our
catchment area, using at least 3 different prehospital stroke identifi-
cation scales. Each EMS agency has its own administration and medi-
cal director and policies. Most agencies use the Cincinnati Prehospital
Stroke Scale (CPSS).28 One county uses a Gaze-Face-Arm-Speech-Time
test (G-FAST) score of 4 or more to divert patients from the field to the
nearest thrombectomy capable center.

All possible acute stroke patients presenting to KPNC hospitals
were evaluated by a telestroke neurologist. All 21 KPNC hospitals are
Joint Commission Stroke certified—19 as PSCs and 2 as CSCs. EST is
provided at the 2 KPNC CSCs as well as at 7 local non-Kaiser Per-
manente (KP) community CSCs. We tracked all EST cases, including
transfers to KP and non-KP facilities. Any KP-insured patients (mem-
bers) presenting primarily to non-KP facilities were excluded from this
study. KP facilities serve non-members as well as KP members, and

non-members are included in the study population.
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FIGURE 1

Reason for stroke alert cancellation among 7168
patients determined not to qualify for acute interventions

In KPNC, all patients identified by EMS as having potential acute
strokes are evaluated immediately upon arrival by a teleneurologist
via remote video consultation without any nurse or ED physician pre-
screening. Details of the KPNC Stroke EXPRESS (EXpediting the PRo-
cess of Evaluating and Stopping Stroke) program have previously been
described.?? Standardized information is recorded for all patients seen
by the teleneurologists. For patients that the neurologist determined
were not candidates for acute interventions with either thrombolysis
or EST, the reasons of ineligibility are also recorded in the notes. This
EXPRESS database provides a comprehensive view of the entire popu-
lation of patients brought in as suspected strokes.

Reasons for ineligibility include stroke mimics, time last known
well (TLKW) being outside of the appropriate treatment window, non-
disabling/minor stroke where risk of treatment exceeds potential bene-
fit, resolution of stroke symptoms by time of ED arrival/evaluation, and
contraindications to thrombolysis/EST treatment (Figure 1).

2.2 | Intervention and measurement

All patients being brought in by EMS for suspected acute stroke
(“stroke alert”) are evaluated on arrival in the ambulance bay by tele-
stroke neurologists in conjunction with local ED teams. Assessment,
treatment, and clinical notes are all standardized as is the acute stroke
treatment protocol. Patients with acute stroke who were potential
candidates for acute interventions proceeded with their stroke alerts.
They have a more detailed standardized note that includes TLKW,
ED arrival time, arrival mode, initial NIHSS score, whether computed
tomography (CT) head scan showed intracranial hemorrhage, whether
CT angiography was performed, whether the patient was treated with

alteplase, location of LVO, and whether and where the patient was
transferred for EST when indicated. These notes are standardized with
desired key data elements that can be retrieved electronically along
with the entire note contents.°

2.3 | Data sources and subjects

Patients were included in the study if they presented to any KPNC
hospital with EMS-identified stroke symptoms between 7:00 am and
midnight. Excluded patients were “walk-in,” onset in ED, and inpatient
strokes as the goal of the study was to evaluate EMS potential accuracy.
Data were extracted from the electronic medical record for all stroke
alerts brought in to KPNC hospitals between 7:00 am to midnight
from January 1, 2016 to December 31, 2019. From January 1, 2016 to
March 30, 2018, arrivals beyond 6 hours of EMS reported TLKW were
generally not evaluated by the telestroke service since before 2018
evidence of benefit and criteria for EST of patients beyond 6 hours
had not yet been established. Teleneurology services during this time
were limited from 7:00 am to midnight. Teleneurology services were
expanded after April 1, 2018 to include patients seen 24/7 as well as
extended window cases (from 6 to 24 hours from TLKW). In order to
keep the study population consistent across the entire study period, we
limited our study cohort to cases brought in by EMS between 7:00 am
and midnight, and with reported TLKW within 6 hours of ED arrival,
that is, excluding extended window cases whose workups were differ-
ent. Extended window cases are even more complex for EMS to screen
as selection for EST in this group includes not just the presence of
stroke symptoms and TLKW but also assessment of baseline Rankin
score and presence of NIHSS >5. This additional screening is not cur-
rently being performed by EMS in any of the counties where KPNC
cares for patients. Inpatient and non-EMS arrival stroke alerts were not
included in the analysis because the goal of the study was to identify
potential EMS accuracy and inpatient and walk-in strokes are not eval-
uated by EMS.

Permission to publish fully anonymized, aggregate data from this
quality initiative, with waiver of the need for institutional review board
evaluation and waiver of individual patient consent, was granted by the
KPNC Research Determination Officer. The research was conducted
in accordance with the principles of the Declaration of Helsinki. We
adhered to the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guidelines for reporting of observational
studies.!

2.4 | Statistical analysis

Patient characteristics between those with and without an LVO were
initially compared using chi-square tests for categorical variables and
the Kruskal-Wallis test for continuous variables. The associations
among patient and stroke characteristics and LVO were evaluated
using generalized estimating equations to account for clustering by
facility. Odds ratios (ORs) were adjusted for age, gender, initial NIHSS



“ | WILEY E

TABLE 1

KLINGMAN ET AL.

Lvo NO LVO
(N=1314) (N =4895)
Age, years, mean (SD) 74.7 (14.3) 71.0(15.1)
Gender, no. (%)
Female 685 (21.5%) 2495 (78.5%)
Male 629 (20.8%) 2399 (79.2%)
Race, no. (%)
Asian 239 (24.2%) 747 (75.8%)
Black 153(18.0%) 697 (82.0%)
Hispanic 169 (20.4%) 658 (79.6%)
Other 77 (21.7%) 278 (78.3%)
White 676(21.2%) 2515(78.8%)
Health plan member, No. (%)
Member 960 (20.8%) 3665 (79.2%)
Non-member 354 (22.3%) 1230(77.7%)
NIHSS score, median (IQR) 16 (10.0-23.0) 7 (3.0-14.0)

Presence of LVO among 6209 acute stroke patients evaluated January 1, 2016 to December 31,2019

Relative risk or 95% confidence

mean difference interval P

3.7 (2.8,4.6) <0.001
1.0383 (0.90, 1.20) 0.612
1.15 (1.02,1.28) 0.020
0.85 (0.75,0.97) 0.013
0.97 (0.84,1.11) 0.616
1.03 (0.88,1.19) 0.744
0.93 (0.83,1.03) 0.169
-9.00 (-10.05,-7.95) —

Abbreviations: IQR, interquartile range; LVO, large vessel occlusion; NIHSS, National Institutes of Health Stroke Scale.
For each of the proportions, the 95% confidence interval reflects the within-hospital correlations.

score, and facility. A receiver-operating characteristic (ROC) curve was
used to determine the optimal cutpoint to predict presence of LVO
based on initial NIHSS scores. All hypothesis tests are 2-sided. A P
value <0.05 was considered statistically significant. All analyses were
conducted using SAS software version 9.4 (SAS Institute, Cary, NC,
USA).

3 | RESULTS

3.1 | Accuracy of EMS diagnosis of acute stroke

Of 13,377 stroke alert patients brought by EMS to KPNC EDs during
the study period, 6209 (46.4%) were identified by the telestroke neu-
rologists as having a potential acute stroke within 6 hours of TLKW.
One hundred twenty cases (out of 6209 acute stroke cases; 1.9%) did
not have initial NIHSS recorded and were excluded from the study pop-
ulation.

The remaining 7168 stroke alerts (53.6%) were cancelled because
they did not meet criteria for acute stroke interventions with either
intravenous alteplase or EST after initial evaluation by teleneurolo-
gists. Cancellations were done when there was not an acute stroke
present, or patients did not qualify for an acute stroke treatment—
EST or intravenous thrombolytics. The most common reasons for can-
celling a stroke alert included stroke mimics (n = 2379; 33.2%), TLKW
determined to be >6 hours upon further investigation (n = 1183;
16.5%), and symptom resolution or absence of disabling stroke symp-
toms (n = 2193; 30.6%) (Figure 1). Common reasons for stroke mim-
ics included sepsis, delirium, metabolic abnormalities, transient global
amnesia, syncope, and Bell’s palsy.

3.2 | Characteristics of patients with LVO
compared to non-LVO

An LVO was found in 1314 (21.2%) of the acute stroke patients. Stroke
patients with LVO were significantly more likely to be older, Asian, and
have a higher initial NIHSS score (Table 1).

33 |
of LVO

NIHSS score of stroke patients and prediction

NIHSS score was available for 6089 (98.1%) out of 6209 patients
with acute stroke. Scores ranged from O to 42 (Figure 2). The median
NIHSS score for patients with LVO was 16.0 compared to 7.0 for those
without LVO. We found that NIHSS scores >10 were significantly
associated with presence of LVO with an adjusted OR of 4.82 (95%
confidence interval [Cl], 4.20-5.53). These results persisted using an
NIHSS score cutoff of >5 (OR = 4.80, 95% CI [4.03 to 5.72]) and cutoff
of >9 (OR =4.99,95% CI [4.33 to 5.76]). Based on the ROC curves, the
best cutoff for maximal performance appears to be NIHSS score >10
(Figure 3). Using a cutoff of 10 in our population produced an accuracy
of 0.67 (95% confidence interval 0.66 to 0.68).

3.4 | Population overview of all patients

Figure 4 summarizes the findings of all 13,377 patients brought in
by EMS as stroke alerts. There were 6209 (46.4%) stroke alerts
who met criteria for acute interventions, and 6089 had NIHSS score
data available. Out of 6089 qualifying cases, 2573 (42.3%) patients
had more severe strokes that were more likely to harbor an LVO
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FIGURE 2 Distribution of NIHSS score for LVO versus non-LVO among 6209 acute stroke patients with NIHSS score. LVO, large vessel

occlusion; NIHSS, National Institutes of Health Stroke Scale

(NIHSS score >10). Among these, 2573 patients, 1103 (42.9%) were
treated with intravenous alteplase, and 703 (27.3%) had LVO and were
referred for EST. LVOs and referral for EST were found across the
whole spectrum of NIHSS scores. Thus, although higher NIHSS scores
correlated with greater likelihood of LVO and EST, it is not unusual for
patients with much lower scores to also have LVOs and require transfer
for EST. In our population, 20% of patients referred for EST had NIHSS
scores below 11 and disabling stroke with LVO was seen in patients
with NIHSS as low as 0.

4 | LIMITATIONS

Our study has limitations. This is a retrospective analysis of data col-
lected prospectively from a multicenter quality initiative; therefore,
we cannot comment on how feasible it would be to have EMS actually
perform NIHSS on all patients with potential acute stroke. Because of
variability of clinical prehospital stroke scales used currently by EMS,
we are unable to determine to what extent use of scales more pre-
dictive of LVO may have also improved EMS accuracy for diagnosis of
acute stroke. NIHSS data were missing in 120 patients (1.9%) and these
patients were excluded from the study population.

Because the majority of the study was conducted before the win-
dow for EST was expanded beyond 6 hours, the majority of patients
presenting from 6 to 24 hours were not evaluated by teleneurology
before 2018 and thus we cannot evaluate possible EMS accuracy
in screening this population for LVOs. However, as the criteria for
treatment in this population are considerably more restrictive than
in the <6 hours acute stroke population, it is even less likely that
EMS accuracy would be improved in this group. We did not collect

information from EMS regarding whether a standardized stroke score

was used on a given patient, the results of the stroke score, the score
used, or whether a standard stroke score was proposed by various EMS
agencies or the accuracy of EMS performance with the various scores.
All information was obtained from the teleneurology examination and
medical record after arrival at the KPNC facility, because the primary
goal of the study was to evaluate the best possible performance of
EMS personnel if they were to be as accurate as stroke neurologists in
estimation of patients eligible for EST treatment using the full NIHSS.
In 1 county out of 13 in the KPNC catchment area, patients were
selected for transport to the closest CSC based on clinical findings (a
high Balance, Eyes, Face, Arm and Speech Test [BEFAST] score) and it
is possible that this diversion slightly skewed the data in this region in
that patients with more likely LVO were thus excluded from the study
population in this county. However, the small numbers likely did not
materially affect the results. In the other counties, there was either no
field-based diversion by EMS for stroke patients or patients with any
suspected stroke were diverted to the closest certified PSC, which in
many cases is a KPNC hospital. EMS agencies in different states, coun-
tries, and regions have very different protocols and the populations
served have different demographics and it is possible that the applica-
bility in our population may therefore be somewhat different than in
other areas. However, the population of the region includes nearly 12
million ethnically and socially diverse patients, 4.5+ million of whom
are KP members. This study did not evaluate actual transport times for
patients evaluated in a PSC and then transferred for EST or patients
taken directly to a center for EST. Thrombectomy indications changed
substantially during the study period and therefore potential impact of
EMS accuracy in the 6-24 hours since last known well period was not
evaluated.

Strengths of the study include a large racially and demographically

diverse patient population, involvement of numerous EMS agencies
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FIGURE 3 Receiver operating characteristic curve for predicting
large vessel occlusion using NIHSS score (area under curve = 0.7677).
NIHSS, National Institutes of Health Stroke Scale

and community hospitals, capture of data on all EMS-suspected strokes
without prescreening by physicians or nurses, and complete capture of
the entire study population regarding treatment with thrombolysis and
thrombectomy.

5 | DISCUSSION

5.1 | EMS stroke identification and frequency of
thrombolysis and EST treatments

In our study, we found only 46.4% of patients brought in by EMS for
suspected acute stroke within 6 hours of symptom onset were candi-
dates for any acute intervention. We found that inaccurate identifica-

tion of TLKW and stroke mimics accounted for nearly half of the cases

that were brought in by EMS who did not meet criteria for acute treat-
ment.

In most of our EMS regions, the primary scale used to identify
acute strokes was the CPSS.28 More specific LVO scales may increase
accuracy of stroke diagnosis to an unknown extent but would not be
expected to improve other items such as inaccuracy of TLKW. More
accurate tools for stroke diagnosis might also come at the cost of miss-
ing patents who might qualify for acute stroke interventions. Although
there are undoubtedly benefits to a high index of suspicion for patients
with suspected acute stroke being brought immediately to the ED for
evaluation, it also means that if a system is developed to have EMS
make accurate destination decisions based on expected acute stroke
interventions (EST or thrombolytic therapy), tools must improve the
accuracy of prediction of the need for acute stroke treatment and accu-

racy of prediction of other clinical features such as TLKW.

5.2 | What if EMS personnel were as accurate as
stroke neurologists?

When performed by experienced clinicians, accuracy of various scales
designed to predict LVO varies considerably and is dependent on
selected cutoff values. As expected, increased accuracy comes at the
price of reduced sensitivity. At “optimal” cutoff values, accuracy of
various scales (NIHSS, Face-Arm-Speech-Time test, G-FAST, Cincinnati
Stroke Triage Assessment Tool, 3-1tem Stroke Scale, Prehospital Acute
Stroke Severity, Rapid Arterial Occlusion Evaluation) is reported to
range from 51% to 70%, with negative predictive value ranging from
87% to 92% and positive predictive value from 31% to 42%.32

To evaluate the second goal, we evaluated the performance of
stroke neurologists in their ability to accurately predict patients need-
ing EST. Stroke neurologists in this study used the full NIHSS to pre-
dict potential presence of LVO and promptly initiated transfer pro-
tocols (eg., requesting critical care transport even before CT angiog-
raphy). We found that in our population of EMS-identified suspected
strokes, teleneurologist evaluation, and NIHSS scoring, an NIHSS of 10
was the optimal cut point based on the ROC curve, with a sensitivity
of 83%. With this cutoff value, 17% of LVOs were missed. In previously
reported studies, an NIHSS score of 8 or greater score accurately pre-
dicted presence of LVO 55% of the time.32-34 In a metanalysis of multi-
ple studies looking at NIHSS score as a predictor of LVO, a score of 11
or above was shown to be the best cutoff for LVO prediction.

The ultimate goal of prediction of likelihood of LVO based on clin-
ical exam is whether patients ultimately undergo EST. This decision
can be based on a variety of clinical features including several that
are not addressed by the stroke scale alone, including (1) whether
the patient actually has a stroke, as even high NIHSS scores are not
always diagnostic of strokes. Patients may have high NIHSS scores from
toxic metabolic conditions such as sepsis, intoxications, or delirium; (2)
TLKW (accuracy of establishing this measure is not a function of the
stroke scale and we found a third of EMS personnel’s TLKW was inac-
curate; (3) accuracy in performance of the scale; and (4) accuracy of the

scale itself. In our population, EMS diagnosis of acute stroke was only
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FIGURE 4 Population overview of suspected stroke patients delivered to Kaiser Permanente Northern California (KPNC) emergency
departments by 13 emergency medical services (EMS) agencies. Red shade depicts patients with “potential harm”; if diversion was in place for
NIHSS >10, patients who would be diverted past local primary stroke centers to comprehensive stroke centers but not ultimately receiving EST.
Green shading depicts patients who would potentially “benefit” from diversion. EST, endovascular stroke therapy; NIHSS, National Institutes of

Health Stroke Scale

46.4% accurate. Given the inaccuracy of predicting an acute stroke, the
ability to predict an LVO becomes less relevant.

5.3 | Would field-based triage and diversion of
stroke patients make sense based on the accuracy of
EST prediction and the frequency of acute stroke
treatments in the population?

Patients with strokes <4.5 hours from TLKW benefit from prompt
intravenous thrombolysis. The robustness of the data supporting the
clinical efficacy of timely thrombolytics for acute ischemic stroke has
long been called into question, more commonly in the emergency
medicine community.3>3¢ Despite this controversy, the practice is
endorsed by both the American Heart Association/American Stroke
Association (Class I, Level A)37 and the American College of Emergency
Physicians (Level B recommendation).®® Patients with LVO benefit
from prompt EST.373%40 However, whether patients with acute stroke
and LVO actually benefit from prehospital identification and diver-
sion by EMS is controversial.*! A recent metanalysis found improved
outcomes in 8 studies of 2068 patients treated directly at the CSC

rather than a “drip and ship” model with treatment with intravenous

thrombolysis initially at a PSC. However, the authors acknowledged
significant limitations of the studies, including selection bias and retro-
spective data collection.*? Furthermore, these studies focused solely
on patients who ended up undergoing EST and did not address out-
comes of patients without LVO who were treated only with intravenous
thrombolytics. The model also lacked consideration for inaccuracy in
field-based diagnosis of LVO. Because of lack of evidence for benefits
of field-based diversion, current American Heart Association guide-
lines state the following: “When several |V alteplase-capable hospi-
tal options exist within a defined geographic region, the benefits of
bypassing the closest to bring the patient to one that offers a higher
level of stroke care, including mechanical thrombectomy, is uncertain.
Further research is needed.”3743

Minutes matter in the treatment of acute stroke, with worse out-
comes reported for every 15-minute delay in thrombolytic treatment**
and any field-based bypass/diversion scheme that increases time to
thrombolytic treatment risks worse outcomes for patients who are
candidates for intravenous thrombolytic treatment but not candi-
dates for EST. Other potential harms include overwhelming CSCs with
patients who ultimately will not need EST, reduced volumes of acute
stroke treatment at PSCs leading to reduced quality of treatment of

acute stroke, and potentially poorer treatment by an outside facility
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having limited access to full medical history compared with “home”
facilities.

In our large population of patients brought in by EMS and evaluated
by teleneurologists without any prescreening by ED nurses or physi-
cians, we found that only 6.6% of patients ultimately were referred for
EST but 20.8% received intravenous thrombolysis. Given that the goal
of field-based prehospital triaging protocols is to select patients for
EST, the fact that ultimately 72.7% of patients with NIHSS score >10
ended up not needing EST reduces the possible benefits of field-
based diversion, especially because many more of these patients were
treated with intravenous alteplase than with EST. Even in the largest
strokes (NIHSS 11 or greater), more patients were treated with intra-
venous alteplase (43.0%) than EST (20.8%).

Our results suggest a possible alternative to field-based prehospi-
tal triaging schemes and suggest that a plan that would benefit the
greatest number of patients could focus on expedited and efficient
acute treatment and transfer protocols. There are proven methods
to minimize door-to-treatment times for intravenous thrombolytic to
30 minutes or less as well as obtaining rapid CT angiogram identifica-
tion of LVOs that can be implemented in community hospitals.2%4°-48
Expedited transfer protocols can considerably reduce transfer times
between hospitals.*?>? Early ordering of transportation for transfers,
remote reviewing of neuroimaging studies by neurointerventionalists,
and early activation of the EST team at the accepting facility could mini-
mize treatment delays at the accepting hospital. Such approaches max-
imize the ability of all patients to receive timely intravenous thrombol-
ysis.

Furthermore, about half of all acute stroke patients do not come
in by EMS and 20% of patients brought in by EMS with acute strokes
who were referred for EST had NIHSS scores <11.°! These patients
still need screening for and identification of LVO and rapid transfer for
EST, if indicated. Focus on rapid intravenous thrombolytic treatment
and expedited transfer could also benefit these patients, who would
not benefit from field-based diversion schemes.

If PSC performance is poor, interfacility transfer times are long or
there are abundant CSC resources in a community, field-based diver-
sion strategies may be a better solution for some patients. However,
such schemes should be evaluated taking into account the potential
accuracy of field-based identification of EST candidates as well as the

frequency of EST versus thrombolytic treatment.

6 | CONCLUSION

In summary, in a community population of patients identified by EMS
as having potential acute strokes, only a small percentage of patients
harbor an LVO requiring EST (6.6%). Even in patients identified by
experienced stroke neurologists as having acute strokes with NIHSS
score >10, only about 1 in 4 ended up referred for EST. Many more
of even these patients with severe strokes were more likely to receive
intravenous thrombolysis than undergo EST. Any study evaluating the
effectiveness of prehospital triaging for potential LVO must also mea-

sure treatment times and outcomes for patients with strokes that are

treated with intravenous thrombolysis but do not have LVO given that
one of the primary potential harms is delay in intravenous thrombolysis
in those without LVO.
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