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ABSTRACT
Introduction: Despite the decreasing trends in stroke incidence, it remains the fourth most
common cause of death and a leading cause of disability within an aging population. Thus,
stroke care remains vitally important at the population level. The Orange County Stroke
Neurology Receiving Center system, a coordinated county-level stroke triage system with nine
stroke hospitals, has been in place since 2009. Initial reports of quality measures demonstrated
that rates of treatment with reperfusion therapy exceeded national averages. The present analysis
seeks to evaluate the continued quality of stroke care within the system, through rates of
treatment with reperfusion therapy, in hospital mortality, time to treatment, and outcome
measures.
Methods: Data was collected from 2013-2014 on all patients who were triaged for suspected
stroke within Orange County by the county emergency medical response system. Demographic,
health system, and health outcome variables were collected for each case. Univariate and
bivariate analyses were performed to determine the association of these characteristics with the
likelihood of receiving treatment with reperfusion therapy intravenously or through
neurointerventional modalities.
Results: 1645 patients were diagnosed with ischemic stroke between January 1 2013 and October
20 2014, out of 4626 triaged (35.8%). Of these individuals, 395 (23.8%) received some form of
reperfusion therapy. 301 (18.2%) received intravenous (IV) tissue Plasminogen Activator (tPA),
while 14 (0.8%) received intra-arterial tPA and 80 (4/8%) received mechanical
neurointerventional treatment. On bivariate analysis, treatment type was associated with younger
age, neurointerventional ready hospital type, in hospital mortality, higher stroke severity, and
increased time to treatment; treatment was not associated with gender or ethnicity.
Conclusions: In its fifth year, the Orange County coordinated stroke triage system has above
average rates of treatment and below average treatment times for equivalent county- or regionallevel stroke response systems. In the present analysis, existing health disparities in stroke care for
women and minorities have not been replicated. Challenges persist with data acquisition and
collection of adequate health outcomes data, including the acute stroke severity and long-term
functional outcomes. Although the present process measures support the quality of care delivery,
more outcomes data is necessary to ultimately evaluate the benefit of this system to the
population.

INTRODUCTION
The United States has never been as obese as it is today.(Sturm, 2007; Wyatt, Winters, &
Dubbert, 2006) Thus, it is no surprise that stroke represents the fourth most common cause of
death, and one of the leading causes of serious disability among adults. (Koton et al., 2014)
Nevertheless, several studies have characterized a steady decrease in the number of stroke
hospitalizations over the past twenty years, with attendant decreases in in-hospital and 30-day
mortality rates. (Fang, Coca Perraillon, Ghosh, Cutler, & Rosen, 2014; Koton et al., 2014;
Krumholz, Normand, & Wang, 2014) These trends represent both a decrease in the incidence of
disease as well as an improvement in treatment; management of stroke and its risk factors
appears improved both in the preventive and acute settings.
However, despite the overall decrease in incidence and improved acute management,
significant disparities persist. Despite the decreased incidence of stroke in the overall population,
Boan et al found that the incidence actually increased in the black population younger than 65;
(Boan et al., 2014) Plakht et al saw no difference in the incidence of stroke among women in a
national sample. (Plakht, Pertzov, Gez, Hellerman, & Ifergane, 2014) These authors point toward
specific groups needing additional attention in stroke management. Regardless, stroke remains a
significant overall threat to the population, and more work is necessary to reduce this health
burden.
The Orange County Stroke-Neurology Receiving Center (SNRC) system was established
in 2009 to improve the quality of stroke care at the County level, leveraging the organizational
capabilities of the Emergency Medical Systems (EMS) department within the Orange County
Health Care Agency. The present evaluation seeks to utilize prospectively collected data through
this program to determine whether the quality of stroke care in Orange County has been
impacted by this intervention, five years after its implementation. Given the limitations of the
database, we had several aims: first, to establish the system-level rate of reperfusion therapy
received by individuals with ischemic strokes, and the timing of therapy delivered in the acute
setting; and second, to determine the extent to which reperfusion therapy led to measurable
outcomes in stroke severity and neurologic function.
METHODS
Stroke-Neurology Receiving Center System Overview
The Orange County Stroke-Neurology Receiving Center (SNRC) system has been
previously described in detail. (Cramer et al., 2012) Briefly, nine hospitals volunteered to serve
as SNRC hub hospitals, which would receive all eligible potential stroke victims. Six of these
hospitals had neurointerventional radiologists available 24 hours a day; these were designated
spoke SNRC hospitals, to receive transfers from other hospitals for patients needing higheracuity care. Eligible victims included all patients suspected of stroke <5 hours duration, defined
as weakness (hemiplegia, hemiparesis, pronator drift, or facial paresis), capillary glucose >80
mg/dl, no seizure prior to or during EMS arrival, and Glasgow Coma Scale score >10.
Data Collection
SNRC planners developed and validated a standardized data collection sheet to be
completed for each patient initially by EMS units, and subsequently by SNRC hub hospital
stroke coordinators, who submit this information to Orange County EMS. This data forms the
foundation of the prospective database underlying the present evaluation.

Data was included for the present evaluation for all patients triaged by EMS for suspected
stroke within Orange County between January 1, 2013 and October 20, 2014. The database
included those with ischemic stroke, hemorrhagic stroke, transient ischemic attack, as well as
those inappropriately triaged for their stroke-like symptoms. The present analysis was limited to
those diagnosed with ischemic stroke following formal medical evaluation.
Variable Selection
Variables were selected in order to have a representative sample of demographic, health
systems and processes, and health outcomes; this would allow for the best possible
understanding of the stroke system functioning. Demographic variables included age, gender,
and ethnicity. Age was converted from a continuous variable to a categorical variable with ages
≤60, 61-70, 71-80, 81-90, >90. Ethnicity was coded as Caucasian, Asian American, Latino,
Black, or Other.
Health systems and processes variables included hospital type, time to treatment, and
treatment type. Hospital type was based upon the two levels of hospitals included in the stroke
system, with 6 neurointerventional-ready spoke hospitals, and 3 non-neurointerventional-ready
hub hospitals incorporated into a two-level categorical variable. Time to treatment was
categorized as a four-level categorical variable based upon the present and historical
recommended ideal time limits for treatment with reperfusion therapy, with ≤60 minutes, 61-90
minutes, 91-270 minutes, and >270 minutes.(Adams et al., 2007; Jauch et al., 2013) Treatment
type examined the rates of reperfusion therapy for acute stroke, and was characterized as a
categorical variable with no treatment or unknown treatment, intravenous (IV) tissue
plasminogen activator (tPA), intraarterial (IA) tPA, mechanical clot retrieval (using stents,
baskets, or other neurointerventional devices), or if patients were ineligible for treatment (due to
unknown onset, contraindication, or other factors).
Health outcomes variables included the admission NIH Stroke Scale (NIHSS) score and
an NIHSS change score, in which NIHSS at the time of hospital discharge was subtracted from
NIHSS at hospital admission. NIHSS is a validated measure of stroke severity, and is ranked on
a scale of 0-42. We report these data as a categorical variable, where 0=no stroke, 1-4=mild
stroke, 5-15=moderate stroke, 16-20=moderate/severe stroke, and 21-42=severe
stroke.(Tziomalos et al., 2014)
Data Analysis
Data was analyzed using computer statistical software to tally the number and percentage
of patients with each of the described variables. Independent variables included: the
demographic variables of age, gender, and ethnicity; the health systems and processes variables
of hospital type and time to treatment; and the health outcomes variables of admission NIHSS
and NIHSS change score. The dependent variable of interest was the treatment type.
Bivariate analyses were conducted to examine the associations of patient and health
systems factors with treatment for acute stroke within the Orange County stroke system. Chisquare analyses were performed for treatment type with all categorical predictor variables (age,
gender, ethnicity, hospital type, NIHSS admission, and time to treatment). P-values for each chisquare were calculated to determine whether the association reached significance. For the single
continuous predictor variable, NIHSS change score, we calculated median change score values
and interquartile range values for each treatment type.
All statistical analyses were performed using Stata statistical software, version 13.1.
(StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP.)

RESULTS
There were 4626 cases of stroke triaged by emergency medical response between the
dates January 1, 2013 and October 20, 2014. Of these, 1654 (35.8%) were classified as ischemic
stroke upon further medical evaluation. (Table 1) These individuals formed the study population.
Of this group, the majority were aged 71-90 (71-80 years, 23.2%; 81-90 years, 29.8%), although
there was a broad age distribution. A slim majority was female (51.5%), while a large majority
was of Caucasian ethnicity (71.6%), with Asian Americans (11.6%) and Latinos (10.8%)
representing the largest minority groups.
The majority of cases were handled at neurointerventional ready stroke hospitals
(73.9%). (Table 1) Few died in the hospital (5.6%), and most were diagnosed with minor or
moderate strokes on admission (NIHSS 1-4, 34.5%; NIHSS 5-15, 34.6%) and treated within 60
minutes of hospital arrival (42.4%). Almost all patients were treated within 270 minutes of
arrival (98.9%). Median NIHSS change scores increased with stroke severity; patients admitted
with moderate/severe or severe strokes (NIHSS 16-42) experienced a median NIHSS decrease of
5 points between admission and discharge. Among these groups, interquartile ranges also
demonstrated an increased variability in change scores (IQR 0,12) with increased stroke severity
upon admission.
Treatment data demonstrated that 18.2% received IV TPA, while 5.6% received intraarterial therapy, with 0.8% receiving IA TPA and 4.8% receiving mechanical therapy. (Table 1)
Treatment was contraindicated for 7.3% of patients. Thus, 68.7% received no treatment or had
treatment that was not reported.
Bivariate analyses demonstrated the associations of patient and health system
characteristics with the likelihood of acute treatment. (Table 2) Age, hospital type, in-hospital
mortality, NIHSS Admission, and Time to treatment demonstrated significant associations with
the treatment outcome, while Gender (p=0.671) and Ethnicity (p=0.407) were not associated
with treatment. Patients >90 years old were less likely to receive intraarterial or mechanical
therapy, though no trend of increased mechanical therapy was evident for the younger age
groups. Neurointerventional ready accounted for nearly all intraarterial and mechanical
treatment, while the rates of IV TPA were similar between the two hospital types. In hospital
mortality was highest for patients who received mechanical therapy, while patients receiving any
treatment were more likely to have higher NIHSS scores on admission. Among those treated,
time to treatment increased for more complex intraarterial and mechanical therapies.
DISCUSSION
The present analysis has three main implications for stroke care in Orange County and
nationally. First, we have found that approximately 25% of individuals who are found to have
ischemic stroke subsequently receive treatment with reperfusion therapy. These rates of
treatment five years into the program are slightly increased compared to those found in the first
year of the program.(Cramer et al., 2012) When compared to other city and regional-level triage
systems, however, these rates of treatment are equivalent or higher, though they do not achieve
the rates of treatment found within consortia of high-acuity, tertiary centers. (Albright et al.,
2012; Cha et al., 2014; Gladstone et al., 2009; Kapral et al., 2013; LaMonte et al., 2009;
Prabhakaran, O'Neill, Stein-Spencer, Walter, & Alberts, 2013) At the same time, in hospital
mortality rates appear to be equivalent or better than those previously reported, despite the

considerable risks of intravascular hemorrhage following reperfusion therapy; in this population,
these risks appear to have been minimized.(Khatri, Wechsler, & Broderick, 2007; Krumholz et
al., 2014) This seems to buttress the success of the coordinated response model and the
centralization of high-acuity care for stroke at the county level.
Second, the present analysis demonstrates that nearly complete compliance with
treatment measures is plausible on a systems level, with over 40% receiving reperfusion
treatment within 60 minutes, and 99% receiving treatment within the 4.5 hour window limit
recommended by 2013 AHA guidelines.(Adams et al., 2007; Jauch et al., 2013) This is an
improvement from our initial 2012 report of the program, where we found that only 25% of
patients received treatment within the 60-minute window—and it outperforms many other
settings, which our earlier rates matched.(Cramer et al., 2012; Jauch et al., 2013) It demonstrates
that as providers become more comfortable implementing specific goal measures for improved
quality of care, these can be achieved, at least as a process outcome.
Third, although recent reports have continued to demonstrate disparities in stroke care for
women and minority groups, these associations have not been replicated in the current analysis.
(Boan et al., 2014; Plakht et al., 2014) This might reflect a benefit of the systematized nature of
emergency response at the county level, as the disparities in diagnosis or treatment of stroke care
have been apparently eliminated by the triage process. Intuitively, the protocolization of stroke
care may limit the implicit biases that patients and providers bring to the clinical encounter, thus
democratizing health care delivery in the acute setting. Alternatively, this finding could also
reflect the relatively small black population in Orange County, since blacks have been the
minority previously shown to have the greatest health disparity in stroke incidence and outcomes
nationally. Still, the gender gap has not been replicated here, despite the fact that more women
than men were treated in our system.
The strength of these conclusions is subject to several limitations. First, stroke care is
largely evaluated using process measures or inadequate outcomes measures; our study is no
exception. While the NIHSS is an accurate and validated measure for evaluation of stroke
severity in the acute setting, its use as a proxy for long-term outcome is of limited value, as it
does not measure disability or functional status.(Kasner, 2006; Weimar et al., 2004) However,
the modified Rankin Scale (mRS), though better at evaluating long-term functional outcomes, is
more difficult to record, especially to achieve 30-day post-stroke evaluation.(Banks & Marotta,
2007) This is reflected in the poor data collection for mRS in the current program; although
SNRC planners designed the data collection sheet to included the mRS, only 48% of patients in
the present cohort had recorded mRS values. Second, the inconsistency in data reporting may
undermine the quality of this data. For example, of the 1135 patients who were not documented
to have received any reperfusion treatment, only 22% were noted as such; the fate of the true
treatment for the remaining 78% is unknown. Of the 22% with documentation, there was
inconsistency in the documented reasons for the lack of therapy; ASA was a commonly
documented contraindication, though this is not supported by the literature.
If we are to make any conclusions regarding the health outcomes of patients treated
within the stroke system, we must strengthen the quality of our data acquisition and reporting. In
addition to the absence of granularity among those not receiving reperfusion therapy, even fewer
patients had documented time to treatment: only 23% of cases could be documented by this
metric. While the data for treatment was incomplete, the health outcomes data was even more
faulty, and thus challenging to interpret. For example, although we found a positive association
between initial stroke severity and NIHSS change score, this was accompanied by a significant

increase in variance, such that any differences were impossible to determine. Second, the
challenge in obtaining data regarding the modified Rankin Scale is manifest in the
underreporting found within our database; more administrative support is necessary to flesh out
these vital outcomes data at the systems level.
Despite these limitations, this analysis supports the continued quality of stroke care
delivered in Orange County under the Stroke-Neurology Receiving Center system. Rates of
treatment with reperfusion therapy, continually supported by AHA stroke guidelines, match or
exceed those delivered in other analogous systems, while time to treatment exceeds the most
ideal projections of care within a large, county-level health system. Finally, the documented
disparities in stroke care delivery to women and minorities were not found in Orange County
despite its diverse population and the plurality of female patients treated within the stroke
system, suggesting that stroke systems may offer one solution to reduce the disparities in stroke
care nationally.
CONCLUSION
In its fifth year, the Orange County coordinated stroke triage system has above average rates of
treatment and below average treatment times for equivalent county- or regional-level stroke
response systems. In the present analysis, existing health disparities in stroke care for women and
minorities have not been replicated. Challenges persist with data acquisition and collection of
adequate health outcomes data, including the acute stroke severity and long-term functional
outcomes. Although the present process measures support the quality of care delivery, more
outcomes data is necessary to ultimately evaluate the benefit of this system to the population.
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