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ABSTRACT 

 

ANALYZING THE QUALITY OF PREHOSPITAL STROKE CARE IN MICHIGAN: LEVERAGING 

A STATE-WIDE STROKE REGISTRY TO QUANTIFY VARIATION IN EMS CARE AND 

IDENTIFY PREHOSPITAL PERFORMANCE METRICS ASSOCIATED WITH OPTIMAL 

DOWNSTREAM CARE 

By 

John Adam Oostema 

 

Introduction: Acute stroke is a debilitating condition responsible for substantial morbidity and 

mortality and for which the efficacy of acute treatments is highly time dependent.  As such, 

emergency medical services (EMS) are a key link in the stroke “chain of recovery.”  However, 

studies of EMS stroke care are limited and suggest a high degree of variability in care.   

Methods: This analysis utilized linked data from a state-level EMS and the Michigan Acute 

Stroke Registry to audit EMS compliance with 6 performance measures derived from clinical 

guidelines, determine factors contributing to variability in compliance, and examine associations 

between EMS performance and stroke care in the Emergency Department (ED). 

Results: Among 5708 EMS-transported stroke cases transported between January 2018 and 

July 2019, compliance with EMS performance measures varied widely.  EMS compliance was 

lower among patients with subarachnoid hemorrhage, those with very low or high stroke 

severity, and those who presented later and there was substantial agency-level variability.  In 

multivariable models, compliance with EMS performance measures was associated with earlier 

CT acquisition in the ED.  EMS stroke recognition and hospital prenotification were also 

associated with greater odds of receiving timely acute ischemic stroke treatment with alteplase. 

Conclusions: EMS compliance with recommended practices for stroke was variable in Michigan 

and is influenced by both patient-level and EMS agency-level factors.  EMS compliance with 

performance measures was associated with more favorable stroke care following hospital 

arrival. 
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CHAPTER 1: INTRODUCTION 

 

Scope of Problem 

 Acute stroke is a medical emergency that is responsible for significant morbidity and 

mortality worldwide.1  Strokes are classified by etiology as either ischemic (approximately 85% 

of cases), which occur when arterial supply to cerebral tissue is interrupted by thrombus or 

embolus, or hemorrhagic (approximately 15% of cases), which are caused by rupture of 

cerebral blood vessels.  In the US, a stroke occurs about once every 40 seconds, accounting for 

1 out of every 19 deaths (the 5th leading cause) and leading to a substantial burden of disability 

and medical complications.2  Direct and indirect costs attributable to stroke and its complications 

are estimated to exceed $45 billion annually.2   

 

Stroke Epidemiology 

 Epidemiological studies have associated several risk factors with the incidence, 

morbidity, and mortality of stroke. While stroke may occur at any age, risk of stroke increases 

steadily for each decade of life.  Individuals over the age of 85 represent 17% of all strokes and 

older stroke patients have higher risk-adjusted mortality as well as greater disability following a 

stroke.2  Females account for slightly more than half of all stroke cases in the US, however this 

is partially driven longer life expectancy of women as age-adjusted stroke risk is lower for 

females than males through middle age.2  Differences in stroke incidence and outcomes have 

also been observed by race, with blacks experiencing higher age-adjusted stroke incidence and 

mortality than non-Hispanic whites, particularly among younger adults.2  Stroke incidence and 

outcomes vary regionally, with the highest rates in the southeastern US, dubbed the “stroke 

belt,” and care delivered to stroke patients has been demonstrated to be highly variable by 

geographic region.3, 4 
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New Opportunities for Treatment 

 The most immediate goal in the treatment of acute stroke is correction of the underlying 

vascular defect (occlusion or disruption).  For both ischemic and hemorrhagic stroke, accurate 

diagnosis requires brain imaging as soon as possible.5  Once identified, rapid reversal of 

therapeutic anticoagulation (e.g. warfarin) and aggressive blood pressure control may improve 

outcomes for hemorrhagic strokes.6  For ischemic stroke, treatment options have expanded 

significantly over the past three decades.  The first breakthrough was in the utilization of 

recombinant tissue plasminogen activator (alteplase) to promote thrombolysis of clots in the 

cerebral vasculature, thus re-establishing perfusion of brain tissue and limiting permanent 

neuronal damage.   Two randomized trials published in a single manuscript in 1995 

demonstrated reduced rates of disability at 90-days following treatment of ischemic stroke 

patients who presented within 3 hours of the onset of their symptoms with alteplase.7   Based 

upon this data, the FDA approved alteplase for treatment of acute ischemic stroke in 1996.   

 Over the ensuing decade, alteplase remained underutilized.8-11  Barriers to treatment 

included skepticism regarding the risk/benefit ratio of the drug,12 early reports of higher-than-

expected rates of intracerebral hemorrhage,13 and the complexity of identifying appropriate 

candidates and treating within the narrow therapeutic window.14  Prompted in part by the 

Institute of Medicine’s “To Err Is Human”15 report on suboptimal safety and quality provided by 

the US healthcare system, new systems for monitoring and improving performance were 

initiated to address the gap between published recommendations and practice for acute stroke 

treatment.  Stroke registries, including the Paul Coverdell National Acute Stroke Registry 

(PCNASR) and Get With the Guidelines-Stroke (GWTG-Stroke), began to collect an extensive 

set of variables describing the quality of care delivered to hospitalized stroke patients.11, 16, 17  

Quality measures were developed to encourage optimal stroke treatment, including a measure 

specifically directed toward alteplase delivery.18  National organizations such as the American 

Heart Association (AHA) began advocating for developing organized systems of stroke care, 
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including designation of specific hospitals as Stroke Centers, which would implement a 

systematic approach to improving stroke care across the continuum of care from pre-hospital to 

post-hospital settings.19  To that end, the Joint Commission on the Accreditation of Healthcare 

organizations (JCAHO) began a formal certification process for establishing Primary Stroke 

Centers in 2004.  Additionally, the AHA introduced Target: Stroke, a quality improvement 

network linked with its GWTG-Stroke database.  The net effect of these efforts has been 

improvements in both the utilization of alteplase and in achieving faster treatment as measured 

by door-to-needle (DTN) times, especially in certified stroke centers; nevertheless, reducing 

variability  in quality of care continues to be a primary focus of stroke quality improvement 

programs.20-23 

 Despite improvements in alteplase delivery, many ischemic stroke patients do not 

benefit from this therapy.  Because alteplase treatment is not efficacious when administered 

beyond 4.5 hours from symptom onset,24 a large proportion of ischemic stroke patients are 

excluded from this therapy due to delays in presentaiton.9, 25  Even among candidates for 

alteplase, patients with the most severe ischemic strokes—those with large cerebral vessel 

occlusion (LVO)—benefit less from systemic thrombolysis compared to those with smaller 

strokes, and treatment carries higher risk of complications.26-28   

 To address both shortcomings, there has long been interest in therapies that treat 

ischemic stroke directly at the site of vessel occlusion.  Often referred to by the umbrella term 

endovascular treatment (EVT), such catheter-based therapies were already the mainstay of 

acute myocardial infarction treatment.29  Early studies of EVT modalities such as catheter-

directed intra-arterial thrombolysis and mechanical thrombectomy (MT) were largely equivocal30-

32 until publication of the landmark MR CLEAN trial.33  This trail, along with several others 

published at nearly the same time34 demonstrated dramatic benefit for mechanical 

thrombectomy using stent-retriever devices when candidates were selected on the basis of 

advanced brain imaging.  In addition to achieving reductions in disability for qualifying patients, 
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these trials also substantially increased the window of time during which treatment can be 

administered, with later trials identifying some candidates benefitting from treatment as many as 

24 hours form symptom onset.35 

 While the benefits of MT are dramatic for those who qualify for treatment, both the 

imaging assessment required to determine candidacy and the specialists who provide the 

treatment are immediately accessible to as little as one fifth of the US population.36  

Furthermore, although some LVO strokes may still receive benefit from MT despite delays in 

presentation, outcomes remain time-dependent37, 38 and candidacy for MT falls steadily over 

time from symptom onset.39  Furthermore, it has been observed that when patients are initially 

treated in a facility without EVT capabilities, significant delays to MT occur due to the need to 

transfer patients to stroke centers capable of providing such care.40, 41  This has amplified calls 

for stroke systems of care that seek to regionalize stroke treatment by directing patients to 

higher levels of care depending on the resources needed for treatment.42-45  At the center of this 

“spoke-and-hub” model (Figure 1) of regionalized care delivery are Comprehensive Stroke 

Centers, which offer the broadest capabilities for diagnostic imaging and treatment.  These 

hospitals are typically tertiary referral centers with around-the-clock capabilities for advanced 

stroke evaluations and treatment, including EVT, and are required to demonstrate a systematic 

approach to monitoring and wide variety of quality related performance measures.46 

 

The Role of EMS 

 As the first point of contact for more than half of patients with stroke,47 EMS providers 

often have the earliest opportunity to activate a rapid stroke response.  Compared to those that 

arrive by private vehicle, ischemic stroke patients are transported by EMS arrive in the ED 

earlier,48, 49 undergo brain imaging faster,48, 49 receive alteplase more frequently,49 and achieve 

faster door-to-needle (DTN) times.50  Observational studies have also suggested that 

hemorrhagic stroke patients transported by EMS receive definitive care earlier50 and have lower 
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mortality.51  Despite these benefits, only 59%  of stroke patients activate EMS, and utilization of 

EMS for stroke is flat over the past several years.47 

 EMS systems have long been interested in optimizing prehospital care for many time-

dependent emergencies, including stroke.52-55  However, achieving this goal has been difficult.  

The Institute of Medicine’s report on the state of EMS outlined three key barriers that hinder 

progress in delivery of high-quality prehospital care.56  First, there is a historic paucity of 

dedicated EMS researchers and funding for EMS projects, resulting in a dearth of high-quality 

studies to inform care.57  Second, EMS systems are highly fragmented, provided by a variety of 

entities (volunteer, municipal, private companies, hospital-owned) with diverse organizational 

structures that are often inadequately coordinated.56  Finally, in order to assess the quality of 

EMS care, it is necessary to obtain hospital-based data to determine the final diagnosis and 

outcomes of patients who were transported by EMS.  However, EMS and hospital records exist 

in silos with no consistent mechanism to allow for bilateral flow of information.56 

 

EMS Stroke Care: What Do We Know?  

 The literature describing the quality of EMS stroke care and its impact on stroke patients 

is limited compared to in-hospital care and consists primarily of observational analyses.  This 

section summarizes studies that were identified by periodic searches of PubMed using the 

following MeSH terms: emergency medical services OR ambulances OR emergency medical 

technicians AND stroke.   

 EMS has long been recognized as a key link in the stroke “chain of recovery.”53  

However, relatively little has been published to characterize EMS provider stroke-specific 

knowledge.  The largest single survey of prehospital knowledge was performed in 1999 by 

Crocco et al.  Their findings indicated that while EMS providers were generally familiar with 

symptoms of acute stroke, only about one third could correctly identify the time window for IV 

alteplase (3 hours at that time).58  This is not surprising as IV alteplase was relatively new (FDA 
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approved alteplase in 1996) and underutilized at that time, however a 2019 survey of 

paramedics in New York found that over 50% of respondents believed the treatment window for 

alteplase was longer than 4.5 hours.59  Another recent study of EMS education prior to 

implementation of a state-wide LVO stroke protocol documented relatively low levels of 

knowledge regarding timing of interventions and the prehospital stroke severity scale (LAMS).60 

Beyond this, no studies directly addressed EMS knowledge regarding stroke protocols, quality 

measures, or knowledge regarding the potential impact of EMS on stroke outcomes.   

 Stroke guidelines have outlined several best practices for EMS stroke care that 

represent potential quality metrics.61-63  These generally arise from three over-arching goals of 

EMS care: early recognition of stroke, rapid transport to an appropriate stroke center, and 

prehospital activation of ED stroke response.  Since hypoglycemia is a well-known stroke mimic 

that is treatable in the prehospital setting, obtaining a point-of-care glucose test is 

recommended.64  To address difficulties in recognizing stroke due to the heterogeneous nature 

of stroke clinical presentations,61-63 stroke screening tools have been developed and validated to 

assist EMS providers in recognizing stroke symptoms.62  Documentation of a validated stroke 

scale has therefore been a longstanding guideline recommendation to maximize EMS 

identification of stroke symptoms.65 To enhance efficiency of transport, recommendations also 

encourage limiting on-scene time to 15 minutes.45, 64, 65  Determination of the time at which 

patients were last known to be well (LKW) is a recommendation intended to assist hospitals in 

making decisions regarding alteplase eligibility.  Finally, hospital prenotification by EMS is 

recommended as it has been demonstrated to facilitate stroke treatment following ED in several 

studies.66-72  For example, in an analysis of over 370,000 EMS transported stroke patients in the 

GWTG-Stroke database revealed that prenotification was associated with increased alteplase 

delivery, faster CT scan acquisition, and earlier alteplase administration.67   

 Despite consistent endorsement of these practices in clinical guidelines,73-75 the national 

EMS model protocol,76  and incorporation into local EMS protocols,77-79 the small number of 
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available published assessments of EMS performance suggest significant variability.  A large 

study analyzing data from the national GWTG-Stroke registry found that about one third of EMS 

transported stroke cases did not receive hospital prenotification—with substantial regional 

variation (0-100%).80  On-scene times (OST) were also evaluated using the National EMS 

Information System database and concluded that less than half of stroke transports met the 

criterion of leaving the scene within 15 minutes of arrival.81  A study conducted in Rhode Island 

also noted modest stroke scale documentation compliance (56%) and less than 50% 

compliance with LKW documentation and prenotification prior to implementation of a feedback 

program for EMS.82  Furthermore, no systematic analysis has been conducted to examine the 

degree of variability in stroke care performance between different EMS agencies.  These 

findings demonstrate the need for a systematic approach to EMS stroke care monitoring and 

improvement, which could be facilitated by valid EMS performance measures. 

 Translation of clinical guidelines into functional performance measures has been a slow 

process.  Currently, documentation of a PSS is the only stroke-specific quality metric endorsed 

by the National EMS Quality Alliance,83 a non-governmental organization tasked by the National 

Highway Traffic and Safety Administration (NHTSA) with developing EMS quality measures.   

The lack of clearly defined, consistent EMS performance metrics is not confined to stroke care 

as is evidenced by the findings of three recent systematic reviews of available prehospital 

quality indicators.61-63  After reviewing the literature describing quality measures for EMS care, 

these analyses found that the majority of quality metrics are derived by consensus rather than 

derivation from performance data61 and target efficiency-oriented process measures such as 

response time intervals61-63 or deployment of appropriate resources.62  While the largest number 

of quality indicators have been developed for out of hospital cardiac arrest, stroke was 

consistently included among measures that target specific diseases,61, 62   highlighting that EMS 

agencies recognize this as a high-priority condition for quality improvement efforts.   
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 In pilot work conducted in West Michigan, we documented moderately high rates of 

compliance with stroke scale documentation (79%) and glucose check (86%), but lower rates of 

compliance with LKW documentation (68%), scene time goals (47% less than 15 minutes) and 

hospital prenotification (57%).84  Not surprisingly, we found that stroke scale documentation was 

closely related to EMS recognition (94% had stroke screen among recognized vs. 31% among 

non-recognized cases).  This relationship is intuitive and been noted elsewhere as well,85-88 

however we also noted that compliance with OST, LKW documentation, and prenotification 

rates were all higher among EMS recognized stroke cases, suggesting that recognition of stroke 

may be associated with superior EMS performance overall.   

 The benefits of EMS recognition of stroke appear to extend beyond prehospital 

compliance.  Several studies have established strong associations between EMS recognition of 

stroke and favorable evaluation and alteplase delivery times.68, 86, 89, 90  However, EMS 

recognition of stroke has also been shown to be inconsistent, with one quarter to one half of 

EMS transported stroke patients unrecognized as such in the prehospital setting.85, 86, 91-95  

suggesting that monitoring EMS stroke recognition rates may be another important marker of 

quality prehospital care.   

 An assortment of educational interventions96-98 and feedback programs82, 98 targeting 

EMS stroke recognition and performance have demonstrated potential to improve prehospital 

stroke care.  These studies have generally been successful in improving EMS stroke 

recognition,98 compliance with prehospital stroke quality measures,82 and door-to-needle times.  

Unfortunately, the long-term impact of these interventions is uncertain.98, 99  Taken together, this 

literature suggests that ongoing monitoring and reinforcement of appropriate prehospital stroke 

care may improve outcomes.  However, performance metrics that are easily measured, reliably 

associated with favorable outcomes, and modifiable through education and feedback programs 

are needed.  Furthermore, sources of variability in EMS performance have been largely 
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unexplored.  To date, no comprehensive assessment of EMS performance metrics derived from 

real-world, state-level EMS data has been performed. 

 

Leveraging Existing Data Systems 

 Large scale evaluations of EMS performance require both prehospital and in-hospital 

data from a wide variety of geographic locations, EMS systems, and hospitals.  For EMS care, 

the need for a systematic and comprehensive data collection system has been recognized since 

the 1970’s.100  Initially targeted toward out-of-hospital cardiac arrest, the Utstein collaboration 

standardized definitions of clinical terms to allow comparisons of resuscitation attempts across 

various regions and organizations.101  This approach ultimately lead to the development of a 

uniform reporting structure for data describing all prehospital care.102  With funding provided by 

NHTSA and Centers for Disease Control and Prevention, a centralized electronic data collection 

system was developed that ultimately became The National EMS Information System 

(NEMSIS).100, 102  Over the past two decades, NEMSIS participation has expanded to all 50 

states and now collects over 400 standardized data elements derived from EMS records 

describing patient demographics, response times, interventions delivered, and clinical 

impressions,102 a subset of which are directly relevant to stroke.103   

 State level EMS data have been used in Utah and North Carolina to develop quality 

improvement programs directed toward prehospital stroke care,104-106 however it is not clear how 

comparable the quality of data is across states.  All licensed EMS agencies in Michigan are 

currently required to participate in data reporting to Michigan’s EMS Information System (MI-

EMSIS), which now receives data for over 1.8 million EMS transports per year.  While the 

volume of data collected is large, a recent review discovered relatively high rates of missingness 

across several variables.107  This was thought to arise from a combination of insufficient data 

entry at the point of care as well as data mapping issues between EMS agency electronic 
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records and MI-EMSIS.107  To date, MI-EMSIS data has not been used systematically to assess 

prehospital stroke care.  

 The Paul Coverdell National Acute Stroke Registry (PCNASR) was developed through 

the Centers for Disease Control and Prevention to improve care delivered to patients 

hospitalized for acute stroke in the US.16  The State of Michigan has participated in the 

PCNASR since its early development.  Entitled “Michigan’s Ongoing Stroke Registry to 

Accelerate Improvements in Care” (MOSAIC), this registry contains a wealth of information 

describing in-hospital stroke care in Michigan.  During the period from January 2018 to July 

2019, 38 hospitals participated in the registry, providing records for over 25,000 stroke 

admissions per year (over half of all stroke admissions in Michigan).  However, it contains very 

little data describing care delivered by EMS.   

 In order to gain a better understanding of care delivered to acute stroke patients from 

initial 9-1-1 contact to hospitalization, I recently developed a probabilistic matching process to 

link these two databases.108  About two thirds of all stroke records in MOSAIC that were coded 

as having arrived by EMS were successfully matched to an EMS record using this process.  

Furthermore, these matched EMS-transported stroke cases were similar to unmatched cases 

across all demographic and clinical variables, suggesting that this matched sample is 

representative of the underlying population of EMS-transported stroke cases in Michigan.108  

This matched dataset offers a unique opportunity to perform a comprehensive state-wide 

assessment of EMS stroke care performance in Michigan, as well as examine the relationship 

between EMS performance and downstream care. 

 

Specific Aims 

 Building on work I have previously done, this thesis addressed three specific aims 

related to characterizing the quality and impact of prehospital stroke care in Michigan. 
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 Aim One: Patient-level EMS Performance Assessment: The first aim of this analysis was 

to assess the quality of EMS stroke care in Michigan and identify sources of variation in EMS 

care.  To assess quality of care, compliance with 6 prehospital stroke performance measures 

(performance of a validated prehospital stroke screen, obtaining a point of care glucose test, 

recognizing stroke, documenting the LKW time, maintaining an on-scene time of 15 minutes or 

less, and hospital prenotification) was quantified for all EMS-transported stroke cases in the 

matched MOSAIC-MI-EMSIS dataset.  Because of marked clinical variability of stroke 

presentations, as well as the diverse populations, practice settings, and EMS delivery systems 

across Michigan, an analysis was performed to identify patient-level factors associated with 

EMS performance measure compliance.   

 Aim 2: Group-Level Variation in EMS Compliance: Because of the wide variation in 

practice settings and EMS systems across Michigan, an analysis of agency- and destination 

hospital-level effects on EMS compliance was also performed.  Agency-hospital pair-specific 

compliance rates were calculated for each EMS performance measure and the relative 

contribution of between agency and between hospital variation to overall variation in compliance 

was quantified. 

 Aim 3: Associations Between EMS Performance and In-Hospital Stroke Care: The third 

aim of this analysis was to determine the extent to which compliance with each of the 6 EMS 

performance measures predicted favorable ED stroke care after hospital arrival.  An ideal 

prehospital quality measures would independently and favorably impact ED stroke evaluation 

times and, in the case of ischemic stroke, increase the likelihood and speed of reperfusion 

therapy.  This analysis sought to quantify the independent association between each of the 6 

EMS performance measures and faster evaluation as measured by DTCT times, alteplase 

delivery for patients with ischemic stroke, and DTN times for those receiving alteplase.   
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CHAPTER 2: METHODS 

 

Study Design 

 This is a retrospective analysis of a cohort of stroke patients who were transported by 

EMS to a hospital participating in MOSAIC, Michigan’s branch of the PCNASR, between 

January 2018 and July 2019.      

 

Data Sources and Analytic Population 

 As noted above, MI-EMSIS is a registry that receives data from all licensed EMS entities 

in the state of Michigan.  Housed within the Bureau of EMS, Trauma, and Preparedness in 

Michigan’s Department of Health and Human Services, MI-EMSIS collects over 400 

standardized data elements describing EMS care.  These include patient demographics, nature 

of complaint, response times, location, destination hospital, and information describing clinical 

assessments and interventions undertaken by EMS providers.  These data are derived from 

EMS patient care reports (PCR), which are directly uploaded from EMS agency-level electronic 

medical records (EMR) using a web-based platform (ImageTrend®, Lakeville, MN).  This 

platform has developed software bridges to various prehospital EMR vendors to facilitate 

standardized data reporting.  EMS agencies are required to upload PCR data to MI-EMSIS for 

all calls by the 15th day of the following month. 

 MOSAIC is Michigan’s state-level branch of the PCNASR.  MOSAIC data is abstracted 

directly from hospital records using the GWTG-Stroke Patient Management Tool by trained staff 

at voluntarily participating hospitals across Michigan.  A map of currently participating hospitals 

is provided in Figure 1.  During the analytic period, 38 hospitals participated in the registry and 

contributed data for over 25,000 individuals, representing over half of all stroke cases that 

occurred in Michigan during that time.  Data elements include patient demographics, arrival 

mode, clinical characteristics describing the type and severity of stroke, stroke evaluation and 
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treatment data, complications, and discharge information.  The only data specific to EMS 

performance recorded in MOSAIC during the analytic period was a field for hospital receipt of 

EMS prenotification.  Data in MOSAIC is routinely audited and period education of abstractors is 

performed.  Previous analyses of the GWTG-Stroke abstraction process109 and MOSAIC have 

demonstrated high rates of completeness and accuracy of data.110   

 

Figure 1: Locations of MOSAIC-participating hospitals 

 

 

 As previously described, the population under analysis for this thesis was assembled by 

probabilistically matching MOSAIC stroke patients who arrived by EMS to records from MI-

EMSIS, resulting in a cohort of EMS-transported hospital-confirmed stroke patients.108  For this 

analysis patients with DTCT of less than 0 minutes or greater than 360 minutes following 

hospital arrival were excluded.  A list of variables used in this analysis and their sources is 

provided in the Appendix. 
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 Descriptive statistics were used to characterize the demographic and clinical 

characteristics of study population using proportions with 95% confidence intervals (CI) for 

counts, means with standard deviations (SD) for normally distributed continuous variables, and 

medians with quartiles for non-normally distributed continuous variables. 

 

Statistical Methods 

Aim 1: Patient-level EMS Performance Assessment  

 This analysis focused on 6 recommended indicators of EMS performance (Table 1).45  

For the first 5 measures, compliance was defined as documentation of the task within the 

corresponding field in MI-EMSIS or, in the case of prenotification, MOSAIC.  EMS was 

considered to have recognized a stroke case if the primary or secondary field impression 

included stroke or transient ischemic attack (TIA).  Documentation of any validated stroke 

screen (FAST, CPSS, LAPSS) was sufficient for satisfying the stroke screen metric.  Hospital 

 

Table 1: Prehospital stroke performance measure definitions.  For each measure, the compliance rate is 
calculated as the number of compliant cases divided by all EMS-transported stroke cases. 

Measure Definition 

Prehospital Stroke Scale  EMS documentation of a validated stroke screen  

Glucose Check Documented glucose level 

EMS Stroke Recognition EMS primary or secondary impression of stroke or TIA  

On-Scene time ≤ 15 Minutes 
Time from EMS scene arrival to beginning transport to hospital is less 
than or equal to 15 minutes 

LKW Documentation Cases with EMS documentation of last known well date/time  

Hospital Prenotification Documentation of prenotification in MOSAIC database 
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prenotification does not have a dedicated field within MI-EMSIS and so compliance with 

prenotification was based on documentation within the MOSAIC registry.  Phi correlation 

coefficients (or mean square contingency coefficient) were calculated to quantify the correlation 

in compliance between quality measures.  For two binary variables, this may be calculated as 

follows: 

 Φ = 
𝒏𝟏𝟏∗𝒏𝟎𝟎−𝒏𝟎𝟏𝒏𝟏𝟎

√(𝒏𝟏𝟏+𝒏𝟏𝟎)(𝒏𝟎𝟏+𝒏𝟎𝟎)(𝒏𝟏𝟏+𝒏𝟎𝟏)(𝒏𝟏𝟎+𝒏𝟎𝟎)
     (Equation 1) 

Where n represents the count of cases with the combination of variable values indicated by the 

subscripts.  The statistic returns a value between -1 and 1 with interpretation similar to 

Pearson’s correlation coefficient. 

 The proportion of cases with documentation of compliance with each measure was 

calculated across all EMS-transported stroke cases.  Following this, bivariate odds ratios (OR) 

that measure the associations between compliance with each measure and demographic and 

clinical characteristics were generated using logistic regression.  Demographic characteristics 

included age, sex, and race (white, black, or other/unknown), and clinical characteristics 

included stroke subtype (ischemic/TIA, subarachnoid hemorrhage, or intracerebral 

hemorrhage), stroke severity as assessed by the NIHSS, and time from LKW to hospital arrival.   

 To determine patient-level factors independently associated with EMS performance 

measure compliance, multivariable logistic regression models were constructed for each quality 

measure, including the demographic and clinical covariates listed above.  Because it was likely 

that EMS compliance with prehospital stroke quality measures would be correlated within EMS 

agencies due to similarities in EMR templates and organizational culture, it was necessary to 

account for clustering by EMS agency in these models.  Furthermore, it was likely that 

prehospital care delivered to patients taken to the same hospital may be similar due to shared 

local EMS protocols and regional oversight via regional medical control authorities, 

necessitating that destination hospital-level clustering also be addressed.  However, EMS 
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agencies frequently delivered patients to more than one hospital and destination hospitals all 

received patients from more than one EMS agency.  Therefore, multi-level logistic regression 

models including crossed random effects for both agency and hospital were developed as 

follows:111   

 Logit [Pr(PM = 1 | aj, bk, x’ijk)] = β0 + aj + bk + βsx’ijk,   (Equation 2) 

where PM represents a given performance measure, aj represents the agency-level random 

intercept, bk represents the destination hospital-level random intercept, and x’ijk represents the 

linear combination of fixed effects (demographic and clinical covariates) for individual i who was 

transported by agency j to destination hospital k.  Inclusion of crossed effects helps ensure 

appropriate standard error estimates for fixed effects while providing level-specific estimates of 

variance for the random effects terms.112  The Stata (StataCorp, College Station, TX) codes for 

the logistic regression models is provided in the Appendix.   

 

Aim 2: Group-Level Variation in EMS Compliance 

 To assess group-level variations in care, we used two methods for defining groups.   

First, we considered each of the 147 EMS agencies of transport and 38 destination hospitals as 

independent group-level variables.  In this analysis, the agency- and destination hospital-level 

variance estimates obtained from the crossed random effects logistic regression models 

(Equation 2) were used to calculate intraclass correlation coefficients (ICC) for each group level.  

This statistic estimates the proportion (range 0-1) of overall variance in EMS compliance 

attributable to each level using the formulae: 

 ICChospital = (σhospital
2) / [σagency

 2 + σhospital
2 + (π2 / 3)],   (Equation 3a) 

 ICCagency = (σagency
 2) / [σagency

 2 + σhospital
2 + (π2 / 3)],   (Equation 3b) 

where each σ2 term represents the estimated variance of the random effects term for the 

specified level of the model and (π2 / 3) was used to estimate the level 1 variance.113, 114  

Additionally, to calculate the “baseline” variability attributable to these group variables, crossed 
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random effects models for each quality measure were performed without any fixed effects (i.e., 

no patient level demographic or clinical variables included in the model).   

 Next, a single-level group variable was created by assigning cases to each unique 

agency-hospital pair (N=292) and group-level compliance rates were calculated for each 

performance across all such pairs.  Unweighted mean (with standard deviation) agency-hospital 

pair-level compliance rates (percentage) with each of the 6 quality measures was calculated.  

To further explore the distribution of compliance across the agency-hospital pairs, the 

compliance rates that represented the 25th, 50th, 75th, and 90th percentiles were calculated as 

well.  Since many agency-hospital clusters contained fewer than 5 cases, a sensitivity analysis 

was conducted by repeating the above analysis among clusters with more than 10 cases. 

 To quantify the magnitude of group-level variability, random effect logistic regression 

models were constructed including all agency-hospital pairs as a group level variable to 

estimate the Median Odds Ratio (MOR), accounting for age, sex, race, stroke type, NIHSS, and 

onset to door.  The MOR is the median value for the distribution of odds ratios comparing odds 

of quality measure compliance between randomly chosen pairs of individuals from different 

agency-hospital groups, holding fixed effects constant.113  The MOR is calculated by the 

following formula:  

 MOR = 𝒆𝒛𝟎.𝟕𝟓√𝟐𝝈
𝟐
        (Equation 4) 

Where z0.75 represents the 75th percentile of the normal distribution function and σ2 is the 

estimator of cluster variance for agency-hospital groups.  Derived from the variance of the 

random effect intercept, this statistic offers the advantage of contextualizing agency-hospital 

level variation by allowing more intuitive comparisons between the magnitude of the random 

and fixed effects.115  As with overall compliance, sensitivity analysis was again conducted by 

repeating the analysis among agency-hospital pairs with greater than 10 cases. 
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Aim 3: Associations Between Prehospital Performance and In-hospital Stroke Care  

 DTCT ≤ 25 minutes, a common benchmark in monitoring acute stroke care, was chosen 

as the primary outcome for this analysis since it is relevant to both ischemic and hemorrhagic 

stroke patients.  Two secondary outcomes were evaluated in subsets of the full cohort of EMS-

transported strokes: (1) delivery of alteplase among all patients with ischemic stroke or TIA who 

presented within the 4.5-hour thrombolysis window, and (2) delivery of thrombolytics within 45 

minutes of arrival (door-to-needle [DTN] time ≤ 45 minutes) among patients who received 

alteplase.   

 Similar to the analysis of EMS compliance, logistic regression models were created to 

quantify bivariate associations between patient demographic and clinical factors and the primary 

outcome.  Multivariable logistic regression models were then constructed to examine the 

independent association of each factor with DTCT ≤ 25 minutes.  As with models for EMS 

compliance, crossed random effects for EMS agency and destination hospital were included to 

account for and quantify the contribution of agency and destination hospital to overall variation 

using the following model: 

 Logit [Pr(Outcome = 1 | aj, bk, x’ijk)] = β0 + aj + bk + βsx’ijk,   (Equation 5) 

where aj represents the random intercept for agency, bk the random intercept for hospital, and 

x’ijk the linear combination of fixed effects for individual i transported by agency j to hospital k.   

 Each of the secondary outcomes was then approached in similar fashion.  For this 

portion of the analysis, crossed random effects for agency and hospital group were attempted, 

however given the smaller sample sizes for the secondary outcomes, it was anticipated that 

crossed random effects models may not converge for these outcomes.  In this event, the 

agency-hospital pair single-level group variable was used as the cluster variable for standard 

random effects logistic regression models.   

 Finally, to explore the relationship between EMS quality measure compliance and ED 

performance, another set of random effects logistic regression models was constructed with 
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DTCT≤25 minutes as the outcome, covariates as above, and each EMS quality measure as 

primary exposure using the following model: 

 Logit [Pr(Outcome = 1 | pj, PMij, x’ij)] = β0 + pj + β1PMij + βsx’ij,  (Equation 6) 

Where PMij represents the binary variable for compliance with each of the 6 performance 

measures, pj represents the agency-hospital random intercept, and x’ij represents the linear 

combination of the demographic and clinical fixed effects.  For this analysis, the β1 coefficient 

represents the independent association between compliance with a given performance 

measure, accounting for patient-level demographic and clinical fixed effects as well as crossed 

random effects for agency-hospital pair.  

 Secondary outcomes of alteplase delivery and delivery of alteplase within 45 minutes 

(DTN ≤ 45 minutes) were examined in similar fashion, replacing the outcome in Equation 6 with 

the respective outcome.  Alteplase delivery outcome was analyzed only among patients who 

were potentially candidates for this therapy (ischemic stroke patients who arrived during the 4.5 

hour treatment window) and DTN ≤ 45 minutes outcome only among patients who received 

alteplase.    
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CHAPTER 3: RESULTS 

 

Analytic Population 

 Stroke registry and EMS registry records for 5,708 stroke cases transported by 147 EMS 

agencies to one of 38 MOSAIC hospitals were successfully matched over the 18-month study 

period.   Demographics, clinical characteristics, and ED-based outcomes for the study 

population are summarized in Table 2.  

Table 2: Characteristics of the 5708 EMS-transported Stroke Patients 

Characteristic 
All Patients 
N=5708 (%) 

Age Category   

   <60 1081 (18.9) 

   60-69 1197 (21) 

   70-79 1383 (24.2) 

   80-89 1437 (25.2) 

   >89 610 (10.7) 

Female 2971 (52.1) 

White 4148 (72.7) 

Year   

2018 (12 months) 3684 (64.5) 

2019 (6 months) 2024 (35.5) 

Stroke Type   

   IS/TIA/stroke NOS 4732 (82.9) 

   SAH 169 (3.0) 

   ICH 806 (14.1) 

NIHSS    

   0-5 2609 (45.7) 

   6-11 1093 (19.2) 

   12-20 808 (14.2) 

   >20 532 (9.3) 

   Missing 666 (11.7) 

Onset-to-door   

0-120 1894 (33.2) 

121-360 885 (15.5) 

136-720 645 (11.3) 

>720 1345 (23.6) 

Missing 939 (16.5) 
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Table 2 (cont’d) 

DTCT ≤25 3214 (56.3) 

Median DTCT (IQR) 21 (10-55) 

Thrombolysis 959 (19.9) 

DTN ≤45 469 (49.0) 

Median DTN (IQR) 46 (36-64) 

EMS agencies 147 

Destination hospitals 38 
Agency-hospital pairs 292 

 

The 38 hospitals received stroke cases from a median of 9 distinct agencies (range 1-23, IQR 6-

13) and the 147 agencies transported to a median of 3 different hospitals (range 1-10, IQR 2-6).  

There were 292 unique agency-hospital pairs.  A summary of the distribution of stroke cases by 

group level is provided in Figure 2.   

Figure 2: Bar graphs demonstrating the distribution of EMS-transported stroke cases 

across hospitals, EMS agencies, and unique EMS agency-destination hospital pairs. 
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Figure 2 (cont’d) 

 

(b) Destination hospitals (N=38) 

 

(c) Unique agency-hospital pairs (N=292) 
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Aim 1: Patient-level EMS Performance Assessment  

 Overall EMS compliance with each of the 6 quality is provided in Figure 3.  The most 

consistently performed measure was documentation of a glucose check (82.5%).  Hospital 

prenotification was recorded in MOSAIC for 60.1% of cases.  EMS documentation of a 

prehospital stroke screen was present in 55% of cases while EMS appropriately recognized 

50.9% of stroke cases transported.  About half (49.5%) of cases had on-scene times of 15 

minutes or less.  The least consistent measure was documentation of the time patients were 

LKW (24.1%).  Phi correlation coefficients were all less than 0.5 suggesting only modest 

correlation in compliance between individual metrics (Table 3). 

 
Figure 3: Percentage of all 5708 EMS-transported stroke cases with documented prehospital stroke 

performance metric compliance with 95% confidence intervals 
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Table 3: Phi correlation coefficients for compliance between pairs of performance metrics across all 5708 

EMS-transported stroke cases. 

       

 

PSS 

Documented 

Glucose 

Check 

EMS Stroke 

Recognition 

OST ≤ 15 

Minutes 

LKW 

Documented Prenotification 

PSS Documented 1      

Glucose Check 0.1295 1     

EMS Stroke Recognition 0.379 0.1729 1    

OST ≤ 15 Minutes 0.0781 -0.0458 0.1964 1   

LKW Documented 0.3506 0.1204 0.3059 0.0791 1  

Prenotification 0.1937 0.0799 0.2501 0.0689 0.1434 1 

 

  Associations between patient-level demographic and clinical characteristics and EMS 

compliance with each quality measure are presented in Table 4.  Among demographic 

variables, older patients had lower odds of OST ≤15 minutes and higher odds of PSS 

documentation compared to younger patients.  Females had higher odds of receiving a glucose 

check, but lower odds of EMS stroke recognition and having scene times less than 15 minutes.  

Black race was not significantly associated with EMS compliance for any measure in the 

adjusted models.  For clinical variables, stroke severity (NIHSS) was the most consistent 

predictor of EMS quality measure compliance, with statistically significant associations observed 

for all 6 performance measures.  Moderate stroke severity (NIHSS 11-20) consistently 

demonstrated the strongest positive associations with compliance.  Patients presenting earlier 

from time LKW had greater odds with EMS compliance for 5 of the 6 measures (the exception 

being glucose).  Factors associated with reduced odds of EMS compliance included unknown or 

missing values for NIHSS (3/6 measures), time from LKW well (5/5), as well as final diagnosis of 

SAH (4/6).   
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Table 4: Relationship between demographic and clinical characteristics and EMS performance measure compliance among 5708 EMS-

transported stroke cases in unadjusted and adjusted ORs generated from multivariable crossed random effects logistic regression models.   

  PSS Documentation Glucose Check EMS Stroke Recognition 

Covariate Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted 

Age             
<60 Ref Ref Ref Ref Ref Ref 

60-69 1.37 (1.16-1.61) 1.4 (1.14-1.71) 1.1 (0.89-1.36) 1.19 (0.93-1.52) 1.26 (1.07-1.48) 1.3 (1.08-1.57) 

70-79 1.37 (1.17-1.61) 1.31 (1.08-1.6) 1.08 (0.88-1.33) 1.22 (0.96-1.56) 1.15 (0.98-1.35) 1.12 (0.93-1.35) 
80-89 1.34 (1.14-1.57) 1.24 (1.01-1.51) 1.14 (0.93-1.4) 1.28 (1-1.64) 1.31 (1.11-1.53) 1.21 (1-1.46) 

≥90 1.38 (1.13-1.68) 1.33 (1.03-1.71) 1.22 (0.93-1.58) 1.4 (1.02-1.92) 1.30 (1.06-1.58) 1.23 (0.97-1.55) 

              
Female 0.94 (0.85-1.04) 0.93 (0.81-1.05) 1.15 (1-1.31) 1.18 (1.02-1.38) 0.82 (0.74-0.91) 0.79 (0.70-0.89) 
              
Race             

White Ref Ref Ref Ref Ref Ref 

Black 0.64 (0.56-0.72) 0.96 (0.79-1.17) 1.24 (1.04-1.47) 1.22 (0.96-1.55) 0.64 (0.57-0.73) 0.88 (0.73-1.06) 
Other/missing 1.02 (0.81-1.28) 1.04 (0.78-1.38) 1.06 (0.79-1.42) 1.09 (0.78-1.54) 0.67 (0.55-0.87) 0.76 (0.58-1) 

              
Stroke Subtype             

IS/TIA Ref Ref Ref Ref Ref Ref 
SAH 0.33 (0.24-0.47) 0.57 (0.38-0.86) 0.79 (0.54-1.15) 0.98 (0.64-1.51) 0.24 (0.16-0.35) 0.37 (0.24-0.57) 
ICH 0.7 (0.6-0.81) 1.12 (0.91-1.37) 1.1 (0.9-1.35) 1.18 (0.93-1.51) 0.85 (0.73-0.98) 1.11 (0.91-1.34) 

              
NIHSS             

0-6 Ref Ref Ref Ref Ref Ref 
6-11 1.52 (1.31-1.76) 1.69 (1.41-2.02) 1.28 (1.06-1.54) 1.33 (1.08-1.65) 2.32 (2.00-2.68) 2.41 (2.05-2.83) 
12-20 1.47 (1.25-1.73) 1.67 (1.36-2.04) 1.75 (1.39-2.21) 1.82 (1.41-2.37) 2.72 (2.30-3.22) 2.9 (2.41-3.49) 
>20 1.04 (0.86-1.26) 1.03 (0.82-1.3) 1.8 (1.36-2.38) 1.79 (1.31-2.44) 2.14 (1.76-2.59) 2.15 (1.73-2.66) 
Missing 0.36 (0.3-0.44) 0.4 (0.32-0.51) 0.78 (0.64-0.96) 0.83 (0.64-1.08) 0.34 (0.28-0.41) 0.48 (0.37-0.61) 

              
LKW to Door             

0-120 Ref Ref Ref Ref Ref Ref 
121-360 0.9 (0.77-1.07) 0.81 (0.66-0.99) 1.08 (0.86-1.35) 1.03 (0.8-1.32) 0.85 (0.72-1.0) 0.8 (0.67-0.96) 
361-720 0.74 (0.62-0.89) 0.69 (0.55-0.86) 0.84 (0.66-1.06) 0.9 (0.69-1.17) 0.66 (0.55-0.80) 0.65 (0.53-0.79) 
>720 0.57 (0.49-0.66) 0.52 (0.44-0.62) 0.86 (0.71-1.04) 0.89 (0.72-1.1) 0.37 (0.32-0.43) 0.38 (0.32-0.44) 
Missing 0.34 (0.29-0.4) 0.28 (0.23-0.34) 0.59 (0.48-0.71) 0.58 (0.47-0.73) 0.16 (0.14-0.19) 0.17 (0.14-0.21) 

Agency ICC 0.52* 0.55 0.26* 0.27 0.09* 0.10 

Hospital ICC 0.01* 0.01 0.02* 0.02 0.01* 0.01 

*Unadjusted ICC is derived from the unconditional means model containing no fixed effects. IS/TIA = ischemic stroke/transient ischemic attack; SAH = 
subarachnoid hemorrhage; ICH = intracerebral hemorrhage; NIHSS = NIH stroke score; LKW = Time last known well; ICC = intraclass correlation coefficient
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Table 4 (cont’d) 

   

*Unadjusted ICC is derived from the unconditional means model containing no fixed effects. IS/TIA = ischemic stroke/transient ischemic attack; SAH = 

subarachnoid hemorrhage; ICH = intracerebral hemorrhage; NIHSS = NIH stroke score; LKW = Time last known well; ICC = intraclass correlation coefficient

  LKW Documentation On-Scene ≤15 Minutes  Prenotification 

Covariate Unadjusted Adjusted Unadjusted Adjusted  Unadjusted Adjusted 

Age              
<60 Ref Ref Ref Ref  Ref Ref 

60-69 1.11 (0.91-1.36) 1.2 (0.92-1.57) 0.80 (0.68-0.94) 0.8 (0.67-0.95)  0.99 (0.84-1.17) 1.01 (0.83-1.24) 

70-79 1.20 (0.99-1.45) 1.11 (0.86-1.43) 0.77 (0.66-0.91) 0.73 (0.62-0.87)  1.12 (0.95-1.32) 1.14 (0.94-1.4) 
80-89 1.29 (1.07-1.53) 1.12 (0.86-1.44) 0.71 (0.61-0.84) 0.65 (0.54-0.77)  1.07 (0.91-1.25) 0.98 (0.8-1.19) 

≥90 1.33 (1.06-1.68) 1.15 (0.84-1.58) 0.61 (0.50-0.74) 0.57 (0.45-0.71)  0.92 (0.76-1.13) 0.89 (0.69-1.15) 

               
Female 0.91 (0.80-1.02) 0.91 (0.77-1.07) 0.83 (0.75-0.92) 0.87 (0.78-0.97)  0.87 (0.79-0.97) 0.89 (0.78-1.01) 
               
Race              

White Ref Ref Ref Ref  Ref Ref 

Black 0.42 (0.35-0.50) 0.88 (0.68-1.15) 0.83 (0.73-0.94) 0.89 (0.75-1.05)  0.69 (0.61-0.79) 1.05 (0.86-1.27) 
Other/missing 1.08 (0.84-1.38) 0.96 (0.68-1.36) 0.79 (0.63-1.00) 0.85 (0.66-1.09)  1.36 (1.04-1.73) 0.97 (0.72-1.3) 

               
Stroke Subtype              

IS/TIA Ref Ref Ref Ref  Ref Ref 
SAH 0.40 (0.25-0.65) 0.4 (0.22-0.71) 0.77 (0.57-1.05) 0.77 (0.55-1.08)  0.56 (0.41-0.76) 0.63 (0.43-0.92) 
ICH 0.81 (0.68-0.98) 1.01 (0.78-1.31) 1.02 (0.88-1.18) 1.01 (0.85-1.2)  0.98 (0.84-1.15) 1.13 (0.93-1.38) 

               
NIHSS              

0-6 Ref Ref Ref Ref  Ref Ref 
6-11 1.35 (1.15-1.58) 1.58 (1.28-1.96) 1.22 (1.06-1.41) 1.21 (1.04-1.4)  1.59 (1.37-1.85) 1.61 (1.35-1.91) 
12-20 1.53 (1.28-1.82) 1.81 (1.43-2.29) 1.55 (1.32-1.82) 1.53 (1.29-1.81)  1.72 (1.45-2.04) 1.77 (1.45-2.16) 
>20 1.18 (0.95-1.46) 1.6 (1.2-2.14) 1.32 (1.10-1.59) 1.36 (1.11-1.66)  1.59 (1.31-1.94) 1.54 (1.22-1.95) 
Missing 0.63 (0.50-0.79) 0.89 (0.63-1.26) 0.81 (0.68-0.96) 0.96 (0.78-1.18)  0.62 (0.52-0.73) 0.7 (0.55-0.89) 

               
LKW to Door              

0-120 Ref Ref Ref Ref  Ref Ref 
121-360 0.84 (0.71-1.00) 0.78 (0.63-0.98) 0.62 (0.53-0.73) 0.62 (0.53-0.74)  0.96 (0.81-1.14) 0.91 (0.74-1.11) 
361-720 0.81 (0.67-0.98) 0.81 (0.63-1.04) 0.52 (0.43-0.62) 0.52 (0.43-0.62)  0.84 (0.70-1.02) 0.78 (0.63-0.97) 
>720 0.54 (0.46-0.64) 0.52 (0.43-0.64) 0.50 (0.43-0.57) 0.5 (0.43-0.58)  0.51 (0.44-0.59) 0.48 (0.41-0.57) 
Missing -- -- 0.39 (0.33-0.46) 0.41 (0.34-0.49)  0.45 (0.39-0.53) 0.44 (0.37-0.54) 

Agency ICC 0.56* 0.59 0.05* 0.06  0.03* 0.03 

Hospital ICC 0.00* 0.00 0.01* 0.01  0.40* 0.41 
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Aim 2: Group-Level Variation in EMS Compliance 

 In the crossed random effects models above, a significant amount of overall variability in 

EMS compliance was attributable to between EMS agency variation.  For metrics such as PSS 

documentation and LKW documentation, this accounted for more than half of all variation.  In 

contrast, EMS stroke recognition and OST ≤15 variability was much less attributable to EMS 

agencies with ICCs of 0.1 and 0.06, respectively.  The contribution of destination hospital-level 

variation to overall variation was very small, except for prenotification documentation, where it 

accounted for over 40% of total variation.  This is likely attributable to hospital-level differences 

in capturing prenotification events and recording them in MOSAIC.  

 Among the 292 unique agency-hospital pairs that comprised the single-level group 

variable the median number of stroke cases transported over the full 18 months in the dataset 

was 5 (range 1-255, inter-quartile range 2-18).  Average performance across the 292 unique 

EMS agency-hospital pairs as well as performance in the 25th, 50th (median), 75th, and 90th 

percentiles are presented in Table 5.  There was a large degree of variability between agency-

hospital pairs in compliance for PSS documentation, LKW documentation and hospital 

prenotification.  Glucose check and OST ≤15 minutes demonstrated the least variability.  Given 

the very small volumes in many agency-hospital pairs, a sensitivity analysis excluding agency-

hospital pairs with 10 or fewer runs was also performed (Table 6).  By excluding the small 

clusters, overall performance at the high and low extremes was attenuated such that 90th 

percentile performance was slightly lower and 25th percentile performance slightly higher, but 

median performance was only minimally affected. 

 The variability attributable to transport by a given agency-hospital pair estimated by the 

MOR analysis further illustrates the wide variation in care seen across the agency-hospital 

pairs.  MORs represent the median value among all odds ratios for compliance comparing 

randomly chosen individuals from different agency-hospital pairs, holding fixed effects constant.  
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Thus, the MORs interpretation is similar to other OR, where values >1 imply that the relative 

odds of compliance differs over across agency hospital pairs and larger values reflecting greater 

between cluster variability.  For example, the highest MOR was for LKW documentation (6.6), 

which implies that if all agency-hospital groups are compared, the median odds of LKW 

documentation are 6.6 times higher among the higher performing compared to the lower 

performing group.  The MORs were also high for PSS documentation (5.98) and hospital 

prenotification (4.26).  On the other hand, EMS stroke recognition (1.86) and OST ≤ 15 minutes  

(1.58) MORS were relatively modest.  Sensitivity analysis excluding agency-hospital pairs with 

fewer than 10 cases did not meaningfully change MOR estimates.  

  

Table 5: Group-level performance measure compliance across all 292 unique agency-hospital pairs. 

  

Mean 
Compliance  

(SD) 

25th 
Percentile 

50th 
Percentile 

75th 
Percentile  

90th 
Percentile 

MOR* 
(95% CI) 

PSS 
Documentation 

50  
(38.6) 

0.0 55.0 83.8 100.0 
5.98  

(4.61-8.08) 

Glucose Check 
76.5 

(30.7) 
67.0 89.0 100.0 100.0 

2.83  
(2.41-3.41) 

EMS Stroke 
Recognition 

48.2 
(33.8) 

20.0 50.0 70.8 100.0 
1.86  

(1.66-2.13) 

OST ≤ 15 Minutes 
50  

(32.6) 
30.3 50.0 68.8 100.0 

1.58  
(1.45-1.77) 

LKW Documented 
23.4 

(31.3) 
0.0 6.0 42.8 69.7 

6.66  
(5.01-9.29) 

Prenotification 
54.9 

(37.1) 
23.3 57.0 94.8 100.0 

4.26  
(3.49-5.37) 

SD = standard deviation; PSS = prehospital stroke scale; OST = on-scene time; LKW = last known well 

*Median Odds Ration = median value for the distribution of odds ratios comparing odds of compliance 

between two randomly selected individuals from different agency-hospital pairs who have the same 

values for age, sex, race, stroke type, stroke severity, and time from onset of symptoms. 
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Table 6: Group-level performance measure compliance across 101 unique agency-hospital pairs with 

greater than 10 stroke transports. 

  

Mean 
Compliance  

(SD) 

25th 
Percentile 

50th 
Percentile 

75th 
Percentile  

90th 
Percentile 

MOR* 

PSS 
Documentation 

51 (28.6) 31.0 55.0 72.5 84.0 
5.97  

(4.41-8.59) 

Glucose Check 80 (18.5) 75.0 87.0 93.0 96.0 
2.82  

(2.37-3.49) 

EMS Stroke 
Recognition 

52.1 
(17.4) 

40.5 55.0 63.0 74.4 
1.82  

(1.63-2.1) 

OST ≤ 15 Minutes 27 (24.4) 41.0 53.0 61.0 73.8 
1.6  

(1.45-1.8) 

LKW Documented 
52.6 

(15.1) 
6.0 19.0 47.0 65.0 

7.07  
(5.04-10.66) 

Prenotification 
58.7 

(26.9) 
37.5 59.0 82.0 93.0 

4.33  
(3.44-5.71) 

SD = standard deviation; PSS = prehospital stroke scale; OST = on-scene time; LKW = last known well 

*Median Odds Ration = median value for the distribution of odds ratios comparing odds of compliance 

between two randomly selected individuals from different agency-hospital pairs who have the same 

values for age, sex, race, stroke type, stroke severity, and time from onset of symptoms. 

 

Aim 3: Associations Between Prehospital Performance and In-Hospital Stroke Care  

 Models examining the association between demographic and clinical covariates with the 

primary and secondary outcomes are presented in Table 7.  For the primary outcome of 

receiving an early CT (DTCT ≤ 25 minutes), demographic characteristics were generally 

noncontributory with odds ratios at or near to 1.  The most influential clinical characteristics were 

a final diagnosis of SAH and presentation delays beyond 360 minutes from LKW, which were 

both associated with lower odds of early CT, and moderate or greater stroke severity (NIHSS 

>6), which was associated with much higher odds of early CT.  Group-level variability was more 

modest than for EMS compliance and was attributable entirely to hospital effects (ICC for EMS 

agency was 0).  For the secondary outcome of alteplase delivery among IS/TIA patients who 

presented in the thrombolytic window, the strongest predictor of treatment was again NIHSS, 
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although black race and old age—particularly beyond 90 years—were both associated with 

lower odds of treatment.  Only NIHSS was associated the outcome of achieving a DTN time 

within 45 minutes of arrival.  For DTN ≤ 45 minutes, a crossed random effects model treating 

agency and destination as separate group variables did not converge, but agency-hospital pairs 

accounted for about 10% of overall variability in rapid alteplase delivery.    

 

Table 7: Relationship between clinical and demographic variables and ED outcomes in unadjusted and 

adjusted (multivariable crossed random effects or single-level random effect) logistic regression models. 

  DTCT ≤ 25 Minutes* Alteplase Delivery** DTN ≤ 45 Minutes *** 

Covariate Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted 

Age             

<60 Ref Ref Ref Ref Ref Ref 

60-69 
1.03  

(0.87-1.21) 
1.03  

(0.85-1.25) 
0.84  

(0.65-1.08) 
0.83  

(0.63-1.1) 
1.23  

(0.84-1.80) 
1.22  

(0.80-1.87) 

70-79 
1.02  

(03.87-1.21) 
1.02  

(0.84-1.23) 
0.62  

(0.49-0.81) 
0.59 

(0.45-0.78) 
1.26  

(0.87-1.84) 
1.18  

(0.78-1.79) 

80-89 
1.08  

(0.92-1.27) 
1.01  

(0.83-1.23) 
0.64  

(0.50-0.82) 
0.55  

(0.42-0.72) 
1.23  

(0.85-1.78) 
1.12  

(0.74-1.71) 

≥90 
0.99  

(0.81-1.20) 
0.97  

(0.76-1.24) 
0.43  

(0.31-0.60) 
0.34  

(0.23-0.49) 
1.05  

(0.61-1.81) 
0.89  

(0.48-1.64) 

Female 
0.92  

(0.83-1.02) 
0.92  

(0.81-1.04) 
0.98  

(0.84-1.16) 
1.01  

(0.85-1.22) 
0.92  

(0.81-1.18) 
0.92  

(0.70-1.22) 

Race             

White Ref Ref Ref Ref Ref Ref 

Black 
0.85  

(0.78-0.93) 
0.85  

(0.7-1.02) 
1.07  

(0.87-1.33) 
0.7  

(0.54-0.92) 
0.75  

(0.54-1.04) 
0.89 

(0.58-1.22) 

Other/missing 
1.36  

(1.28-1.44) 
0.85  

(0.65-1.13) 
1.49  

(1.05-2.11) 
1.17  

(0.79-1.72) 
1.28  

(0.77-2.13) 
1.25  

(0.72-2.18) 

Stroke Subtype             

IS/TIA Ref Ref N/A N/A N/A N/A 

SAH 
0.32  

(0.23-0.44) 
0.45  

(0.3-0.66) 
N/A N/A N/A N/A 

ICH 
0.87  

(0.75-1.01) 
1.11  

(0.91-1.35) 
N/A N/A N/A N/A 
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Table 7 (cont’d) 

NIHSS       

0-6 Ref Ref Ref Ref Ref Ref 

6-11 
2.65  

(2.28-3.09) 
2.6  

(2.2-3.08) 
3.64  

(2.95-4.49) 
3.8  

(3.05-4.74) 
1.35  

(0.98-1.85) 
1.53  

(1.08-2.17) 

12-20 
3.43  

(2.87-4.10) 
3.76  

(3.08-4.59) 
4.16  

(3.26 (5.32) 
4.42  

(3.42-5.72) 
2.15  

(1.51-3.08) 
2.32  

(1.57-3.41) 

>20 
2.21  

(0.81-2.69) 
2.35  

(1.88-2.93) 
2.87  

(2.15-3.82) 
3.16  

(2.34-4.27) 
1.10  

(0.71-1.69) 
1.20  

(0.74-1.92) 

Missing 
0.40  

(0.33-0.48) 
0.57  

(0.45-0.71) 
0.42  

(0.19-0.93) 
0.46  

(0.2-1.06) 
0.55  

(0.11-2.88) 
0.69  

(0.12-4.00) 

LKW to Door‡             

0-120 Ref Ref N/A N/A N/A N/A 

121-360 
0.74  

(0.62-0.88) 
0.72  

(0.6-0.87) 
N/A N/A N/A N/A 

361-720 
0.51  

(0.43-0.62) 
0.49 

(0.4-0.6) 
N/A N/A N/A N/A 

>720 
0.21  

(0.18-0.24) 
0.2 

(0.17-0.24) 
N/A N/A N/A N/A 

Missing 
0.13  

(0.11-0.16) 
0.14  

(0.11-0.17) 
N/A N/A N/A N/A 

Agency ICC   0.00   0.00   -- 

Hospital ICC   0.07   0.05   -- 

Agency-Hospital ICC   --   --   0.1† 

IS/TIA = ischemic stroke/transient ischemic attack; SAH = subarachnoid hemorrhage; ICH = intracerebral hemorrhage; NIHSS = 

NIH stroke score; LKW = Time last known well; ICC = intraclass correlation coefficient 

* Among 5708 EMS-transported strokes   

** Among 2438 ischemic stroke or TIA patients who presented within 4.5 hours of LKW. 

*** Among 959 alteplase treated patients.   
† A model with crossed random effects between agency and destination hospital did not converge, therefore the single-level group 
random effect was used. 
‡ LKW was not included in the secondary outcomes as only those patients presenting early are eligible for treatment. 

 
  

 Table 8 reports the results of unadjusted bivariate associations between EMS 

performance of each quality measure and the three ED performance outcomes as well as the 

adjusted odds ratios for each measure following adjustment for demographic and clinical 

covariates as well as agency-hospital pair cluster effects.  All 6 measures had statistically 

significant positive associations with early CT acquisition in the ED.  The strongest association 

was between EMS recognition of stroke and early CT (aOR 6.24) with glucose documentation 

representing the weakest (aOR 1.77).  For alteplase delivery and DTN times, glucose check 
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was not significant for either outcome, and LKW documentation was significant only for DTN ≤ 

45 minutes.  The remaining measures all maintained statistically significant associations with 

each outcome and EMS recognition remained the strongest predictor (aOR 1.69 for alteplase 

delivery and 2.74 for a DTN ≤ 45 Minutes.  Analysis for the primary outcome was repeated 

dropping agency-hospital pairs with 10 or fewer runs from the multivariable models and the 

results were unchanged. 

 

Table 8: Associations between EMS quality measure compliance and ED outcomes 

  DTCT ≤ 25 Minutes* Alteplase Delivery** DTN ≤ 45 Minutes*** 

  Unadjusted Adjusted† Unadjusted Adjusted†† Unadjusted Adjusted†† 

PSS Documentation 
1.29  

(1.22-1.36) 
2.64  

(2.29-3.03) 
1.30  

(1.10-1.55) 
1.28 

(1.05-1.56) 
1.57  

(1.19-2.06) 
1.49  

(1.09-2.05) 

Glucose Check 
1.84  

(1.61-2.12) 
1.77  

(1.49-2.09) 
1.33  

(1.06-1.69) 
1.19  

(0.92-1.54) 
1.38  

(0.94-2.01) 
1.36  

(0.88-2.09) 

EMS Stroke Recognition 
7.69  

(6.83-8.66) 
6.24  

(5.42-7.20) 
1.95 

(1.63-2.32) 
1.69  

(1.39-2.06) 
2.39  

(1.78-3.23) 
2.74  

(1.93-3.88) 

OST ≤ 15 Minutes 
2.16  

(1.94-2.40) 
1.89  

(1.66-2.14) 
1.51  

(1.28-1.78) 
1.40  

(1.16-1.68) 
1.16 

(0.89-1.51) 
1.09  

(0.82-1.46) 

LKW Documented 
2.91  

(2.54-3.33) 
2.30  

(1.92-2.74) 
1.09  

(0.92-1.30) 
1.04  

(0.85-1.27) 
1.40  

(1.07-1.83) 
1.44  

(1.03-1.99) 

Prenotification 
2.84  

(2.54-3.16) 
2.48  

(2.15-2.85) 
1.62  

(1.35-1.94) 
1.51  

(1.23-1.85) 
1.86  

(1.38-2.50) 
2.02  

(1.43-2.84) 

DTCT = door-to-CT; DTN = door-to-needle; PSS = prehospital stroke scale; OST = on-scene time; LKW = last known well 

* Among 5708 EMS-transported strokes.   

** Among 2438 ischemic stroke or TIA patients who presented within 4.5 hours of LKW.  

*** Among 959 alteplase treated patients.   
† Adjusted for age, sex, race, stroke type, stroke severity, time from onset to arrival, and clustering by agency-hospital pairs.  
†† Adjusted for age, sex, race, stroke severity, and clustering by agency-hospital pairs. 
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CHAPTER 4: DISCUSSION 

 

  

 As the first point of contact for most patients with stroke symptoms have with the 

healthcare system, EMS has the earliest opportunity to recognize stroke and coordinate a rapid 

response.  EMS-transported stroke cases, when compared to patients who arrive at the hospital 

by other means such as private transportation, receive faster ED stroke evaluations and 

treatment.49  However, previous work has suggested that these benefits are not universally 

experienced but are tied to the quality of EMS care, including recognition of stroke and 

compliance with performance measures such as prehospital notification.67, 84, 89, 90, 116  Despite 

longstanding recommendations for optimal prehospital stroke care being included in stroke 

clinical guidelines,64, 65, 117 studies auditing EMS compliance with recommendations in the real 

world are lacking.  This thesis provides a unique comprehensive evaluation of EMS stroke care 

delivered across diverse regions of Michigan, leveraging two existing state-wide registries to 

both quantify EMS compliance with recommended stroke care practices and to estimate the 

impact of the quality of EMS care on downstream stroke treatment.  Consistent with the limited 

existing data on the topic,82, 84, 86, 88, 89, 95, 118 we identified significant variability in EMS stroke 

care.  This analysis provides new insights into both patient-level and healthcare system-level 

factors that contribute to this variability and provides additional evidence that compliance with 

recommended practices for prehospital stroke care is associated with superior early stroke care 

following hospital arrival.  

 With respect to our first aim to examine patient-level variability in EMS performance, we 

documented compliance with 6 markers of high-quality EMS stroke care: performance of a 

validated PSS, obtaining a point-of-care glucose level, accurately identifying stroke patients, 

determining LKW time, maintaining an OST ≤15 minutes, and hospital prenotification during 

transport.  Each of these measures is supported by expert consensus and clinical guidelines64, 65 



34 

as well as Michigan’s state EMS protocols79 and are commonly used by EMS agencies for 

monitoring the quality of prehospital stroke care.119 

 Among EMS-transported stroke cases, glucose documentation was the performance 

measure most consistently documented (82.5%).  This degree of compliance is identical to that 

observed in several smaller cohorts of EMS-transported stroke cases.82, 118  Given that checking 

glucose is consistently required by stroke protocols,78 is also important for other commonly 

encountered complaints such as altered mental status,120 and the fact that hypoglycemia is 

correctable in the prehospital setting, it would seem reasonable to seek compliance 

approaching 100% for this metric.  

 Prehospital stroke scale documentation was reported in about 55% of EMS-transported 

strokes.  This level of compliance is again in keeping with prior population-based assessments 

of EMS stroke care,82, 84, 118 although one study reported rates near 100%.88  Perhaps related to 

this, overall EMS stroke recognition was also very modest (51%) compared to other published 

reports, which suggest EMS recognition ranges from 50-75%86, 88, 89, 92, 94, 95  Given the well-

described positive association between PSS performance and accurate EMS recognition,75, 86, 87, 

92 as well as evidence that EMS education can improve recognition,98 the low rate of stroke 

recognition by EMS would be a logical target for additional quality improvement efforts.   

 The measure with the lowest rate of compliance was documentation of LKW time.  This 

is again comparable to another report of EMS performance82 and may arise at least in part from 

idiosyncrasies regarding how this data element is collected.  Within Mi-EMSIS, nearly all cases 

have documentation of “time of symptom onset,” which is a field used for all EMS transports.  

The LKW data element comes from a separate, dedicated field specific to documentation of 

LKW in the context of stroke.  We suspect that there is variability in EMS documentation such 

that the LKW field is not consistently used as intended.  The large value for the agency ICC 

supports this theory and implies that agency-level EMR structure or documentation practices 

may be a key driver of the low observed rates of compliance.    
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 A similar phenomenon may be at work for the hospital prenotification metric.  Our 60% 

compliance rate was determined based on documentation in the MOSAIC registry.  While this 

rate is similar to that observed across the GWTG-Stroke registry,80 there was again substantial 

variability by MOSAIC hospital (ICC=0.4).  This might arise from hospital-level variation in the 

availability or quality of hospital documentation regarding prenotification.  Since the abstraction 

standard demands explicit documentation of both receipt of EMS communication prior to arrival 

and use of the word “stroke,”80 and prenotification occurs before the patient is actually present 

or registered in the ED, it seems likely that this documentation may be lacking in hospital 

electronic records even when prenotification was provided by EMS crews.  Given that this 

prehospital stroke performance metric has the largest body of evidence suggesting that 

compliance positively impacts downstream care and outcomes,68, 69, 72, 84, 89 there is a significant 

opportunity to target improvement both the rate of and the quality of hospital prenotification by 

ensuring a standardized prenotification communication and documentation process between 

EMS agencies and recipient hospitals.  This information might also be targeted for improvement 

within the MI-EMSIS data, where it is inconsistently recorded currently.  

 On-scene times across Michigan demonstrated relatively little variability and met the 

goal of 15 minutes in about half of cases.  This is very similar to reported rates in other areas.81, 

118  One recent study from Florida suggested more than 60% compliance with this goal, however 

differences in the definition of on-scene time may partially explain the lower rate in Michigan 

since OST was subdivided into time from arrival to patient and time from patient contact to 

departure in that study.121  This metric demonstrated the lowest agency-level variability, which 

we suspect demonstrates a higher degree of completeness and accuracy of this documentation 

as these time stamps are carefully recorded for all EMS transports.  In benchmarking this 

metric, it will be important to balance the need for expediency against potentially valuable but 

time-consuming aspects such as determining an accurate last known well. 
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 Interestingly, it did not appear that compliance with any one quality measure was 

necessarily predictive of compliance with other quality measures.  This was unexpected as it 

seemed intuitively likely that performing recommended practices outlined in stroke transport 

protocols would tend to occur together as a bundle.  However, the phi correlation coefficients, 

which were all less than 0.4, suggested relatively little correlation between the individual items 

varied little regardless of which pair of measures was examined.   The low degree of correlation 

between measures suggests that, at least for assessment of overall performance and their 

association with outcomes, these measures may be treated independently. 

 Demographic characteristics demonstrated only modest associations with EMS 

performance measure compliance.  In multivariable models, older patients had greater odds of 

PSS documentation and glucose check, which might indicate EMS providers maintaining a 

higher index of suspicion for stroke in this population.  However, age was not associated with 

EMS recognition of stroke or prenotification.  This latter finding may suggest that the driver of 

EMS impression and prenotification practices may rely on history and exam findings suggestive 

of stroke rather than risk factors such as age.  There also appeared to be a steady decrease in 

the likelihood of leaving the scene within 15 minutes for each decade of life beyond 60, which 

may be driven by mobility difficulties, nursing home residence, or possibly even a perception of 

lower likelihood of intervention among older stroke patients.  Female sex was associated with 

slightly higher odds of receiving a glucose check, but slightly lower odds of EMS stroke 

recognition and OST ≤15 minutes.  The lower odds of EMS stroke recognition among females 

has been described in at least one other previous study.122  One possible explanation for this 

might be higher rates of atypical symptoms among women as has been reported in hospital-

based studies,122 however further research is needed to confirm and investigate potential 

causes for this finding.  Finally, although black race (compared to white or other/missing race) 

was associated with lower odds of EMS compliance for several measures in unadjusted 

analysis, theses associations became non-significant following adjustment in multivariable 
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models, suggesting that other factors such as clinical presentation account for much of the 

crude differences observed by race.  Given the known racial disparities in stroke treatment and 

outcomes generally,2 these findings are somewhat reassuring with respect to equity in 

prehospital stroke care.   

 Several patient-level clinical characteristics were predictive of compliance with 

prehospital stroke performance measures.  Most notably, moderately severe strokes, ischemic 

strokes, and patients who presented sooner after symptom onset tended to receive higher 

quality prehospital care.  Conversely, SAH patients, milder strokes, and those with unknown 

duration of symptoms tended to have lower odds of compliant EMS care.  It is perhaps not 

surprising that strokes that are more obvious or early in their course might prompt a more 

aggressive response from EMS, knowing that stroke treatment is more likely in these 

populations and is time dependent.  Furthermore, lower EMS performance among SAH patients 

likely arises from the markedly different clinical presentation of that condition, which is 

characterized more by severe headache than focal deficits.  As a result, these patients would be 

less likely to screen positive on PSS tools and more likely to be transported and pre-alerted as a 

benign headache.  Taken together, these results encouraging in that patients most likely to be 

candidates for intervention (early presenting, moderately severe ischemic strokes) were more 

likely to receive optimal prehospital care.  Nevertheless, further education may assist EMS 

providers in recognizing more subtle or atypical presentations that could still benefit from a rapid 

response.  One example of this is posterior stroke patients, who are known to experience delays 

in diagnosis in the ED and often experience delays in care.123-126  We previously demonstrated 

that a brief educational intervention improved posterior stroke recognition rates by EMS.127 

 The primary goal of our second aim was to quantify the degree of variability that exists 

between agencies in this very diverse sample of EMS transported strokes.  Variation in EMS 

care has been previously documented for out-of-hospital cardiac arrest128 but has not been 

examined for stroke.  Given that both the EMS agency of transport and the destination hospital 
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(as a marker for regional practices) had plausible relationships to EMS practice, we used 

crossed random effects models to quantify the contribution of each of those factors to overall 

variation in care.  Although techniques such as this have been used elsewhere to assess the 

validity of quality profiling of surgeons, for example,129 this is the first analysis of its kind that we 

are aware of that addresses prehospital stroke care.  This analysis is important because if all 

variability in care is attributable to patient-level factors, profiling individual EMS agency 

performance may not be a useful exercise.   

 This analysis resulted in three interesting findings.  First, group-level variation in 

performance measures was attributable almost entirely to the source from which performance 

data were derived.  For EMS metrics derived from EMS documentation, group-level variability 

was overwhelmingly related to differences between EMS agencies; whereas for prenotification, 

which was derived from hospital data, the group level variability arose almost entirely from 

hospital-level variation.  There was no variable for which both agency of transport and 

destination hospital groups contributed meaningfully to total variance.  Second, the magnitude 

of associations between patient-level fixed effect associations with performance measure 

compliance were not altered significantly by inclusion of group level effects in the models, nor 

was group-level variation significantly different in models with and without patient-level 

covariates.  These findings imply that the two levels of variability operate mostly independent of 

one another.  Third, the proportion of overall variation in EMS care accounted for by group-level 

effects was substantial for several metrics central to optimal prehospital stroke care.  More than 

half of variation in documentation of PSS (ICC=0.55) and LKW (ICC=0.59) was attributable to 

agency-level variability.  Since variables such as EMS field impression and OST are infrequently 

missing from MI-EMSIS,107 and performance measures derived from these fields demonstrated 

much lower agency-level variability (ICC 0.1 for EMS impression of stroke and ICC of 0.06 or 

OST), it seems likely that much of the agency-level variation in PSS and LKW documentation 

arise from differences in data entry and upload processes between agencies rather than true 
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differences in care.  Similarly, group-level variation in prenotification documentation was 

attributed entirely to destination hospital (the source of this data, ICC=0.41) even though all 

other metrics varied little by destination hospital.  This underscores the need to standardize and 

optimize methods for collecting prehospital data in both MI-EMSIS and MOSAIC.  

 When EMS-transported strokes cases were grouped into unique agency-hospital pairs, 

the first important observation we made was that many of these groups contained very few 

cases.  In fact, over 18 months, only 101/292 (35%) of such pairs transported more than 10 

cases.  While there did not appear to be much difference between the pairs with smaller 

caseloads compared to larger ones in terms of performance, this underscores a key challenge 

in prehospital stroke care quality improvement in that many transporting agencies do not see a 

large volume of stroke cases.  Stratum-specific performance estimates for each unique agency 

destination hospital pair in the sample also demonstrated highly variable performance.  As 

estimated by the MOR for the random effects of agency hospital pair, the magnitude of 

difference in the relative odds of compliance between the pairs was quite high.  In the case of 

PSS documentation (MOR=5.98), LKW documentation (MOR=6.66), and hospital prenotification 

(MOR 4.26) the agency-hospital odds ratio was much larger than any other demographic or 

clinical factor in the model.  These results are unlikely to reflect real differences in care but 

rather highlight the opportunity to look more closely at documentation and data upload practices 

at lower-performing agencies to ensure comparable reporting methods. 

 To be of value for patients, prehospital compliance with performance measures should 

positively influence patient outcomes.  EMS transport offers two opportunities to do this: identify 

stroke early and expedite evaluation of stroke patients to reduce time to treatment through 

reducing prehospital delay and facilitating a faster ED response following arrival.  Each 

prehospital metric is directed toward one or the other of these goals.  In the literature to date, 

the only metrics that have been positively associated with hospital-based outcomes have been 

EMS recognition86, 89 and prenotification.67, 84, 116, 130, 131  We found that EMS compliance with 
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each of the 6 performance measures was associated with early CT acquisition independent of 

patient demographics, stroke type, stroke severity, or timing of presentation and accounting for 

clustering by EMS agency and hospital.  For some quality measures, this relationship was 

somewhat surprising.  Obtaining a glucose check, for example, is intended to help EMS 

providers exclude hypoglycemia.  Thus, in this cohort of confirmed stroke cases, there is no 

logical reason why such documentation would directly impact hospital care.  Similarly, 

maintenance of OST ≤15 minutes and LKW documentation would not seem to have any direct 

impact on the process of stroke evaluation following hospital arrival.  Instead of operating within 

the causal chain of faster ED care, we suspect these measures serve more as a marker of 

adherence to the stroke protocol, which may be influenced by EMS confidence in their 

diagnostic impression of stroke in more obvious stroke cases.     

 On the other hand, hospital prenotification has an obvious influence over ED care, 

therefore we expected to see an association between these variables.  Indeed, the observed 

adjusted odds ratios for prenotification on early CT (2.48), alteplase delivery (1.51), and rapid 

alteplase delivery (2.02) were all higher than previously reported for prenotification in a large 

analysis from GWTG-Stroke.67  Given that the GWTG-Stroke analysis was conducted using 

data prior to 2012, some of the increased effect may be the result of improvements in stroke 

alert processes over time.  While these findings are encouraging, they do not imply that 

prenotification should be performed or would be beneficial for every EMS-transported stroke 

case.  Prenotification in the setting of stroke patients who are not candidates for intervention 

could result in unnecessary mobilization of ED resources and potentially undermine the value of 

the process.  Previous work has documented frustration among prehospital providers regarding 

conflicting expectations regarding the appropriate clinical context for activating a stroke alert 

prior to arrival in the ED.132  Adding to this confusion is the ever-changing treatment landscape 

for acute stroke.  The decline in prenotification rates among later-presenting strokes likely 

reflects EMS provider knowledge regarding alteplase treatment windows but may be a problem 
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for patients who could still be candidates for EVT for LVO stroke despite delays in presentation.  

Therefore, maximizing the utility of this metric and setting appropriate benchmarks will require 

focus not only on increasing the frequency of prenotifications and consistency of documentation, 

but standardization of the appropriate clinical context for and content to be communicated 

during prenotification.  This need is likely to become even more acute as stroke systems of care 

increasingly rely on EMS to make disposition determinations based on stroke severity to triage 

potential LVO strokes.133   

  

The Role of EMS Stroke Recognition 

 The EMS stroke recognition metric is qualitatively different from the other 5 performance 

measures in that it does not measure a specific action or process.  Rather, it serves an indicator 

that EMS correctly identified the medical emergency they were transporting.  As such it may be 

the most useful overall marker of optimal performance as appropriate EMS recognition of stroke 

likely influences both prehospital care and hospital response.   

 Previous studies documented clinical characteristics that predict accurate stroke 

recognition, including higher stroke severity, having commonly recognized presenting symptoms 

such as unilateral weakness, and early presentation following symptom onset.85, 92, 94, 95  Given 

that stroke screening tools were developed specifically to facilitate appropriate stroke 

recognition by EMS, we had expected to find a high degree of association between PSS 

documentation and EMS stroke recognition, as has been demonstrated in previous studies.86, 88, 

92  Although there was a modestly higher correlation between these two metrics than the others, 

the degree of correlation was still fairly modest (phi correlation coefficient = 0.379).  Since PSS 

documentation is not a goal unto itself, but is meant to facilitate appropriate recognition, further 

study is needed to parse out the use and impact of PSS in the real world.  Given the very high 

contribution of agency-level variation to compliance variation overall, it is likely that differences 

in EMS medical record software or data upload processes are obscuring the relationship 
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between PSS and recognition.  Performance may be improved through a combination of 

educating providers regarding content and use of PSS, ensuring screening is performed in 

ambiguous presentations, and improving data entry and process for uploading of data into MI-

EMSIS. 

 The value of EMS recognition as a marker of optimal EMS stroke care is demonstrated 

by the fact that this measure had the strongest association with all three hospital-based 

outcomes.  Furthermore, our previous work demonstrated a close relationship between EMS 

stroke recognition and compliance with nearly all prehospital quality measures.84  Since PSS 

documentation, glucose check, minimizing OST, documentation of LKW, and hospital 

prenotification are all contained in Michigan’s suspected stroke transport EMS protocols,79 it 

stands to reason that recognition of stroke by EMS would naturally result in greater prehospital 

quality measure compliance as well as superior care following hospital arrival.   

 

Implications for EMS in Michigan   

 Taken together, this analysis suggests that there are several reasonable targets for 

prehospital quality improvement in stroke care.  Existing practices encouraged by clinical 

guidelines45, 64, 65 and outlined in Michigan’s EMS suspected stroke transfer protocol79 are 

followed to varying degrees among EMS-transported strokes.   

 Investigating data entry and upload practices at EMS agencies and hospitals with lower 

performance on metrics such LKW documentation, PSS documentation, and prenotification 

documentation may identify technical or clerical issues that may be corrected to ensure 

accurate, reliable measurements of these performance measures.  Such a technical fix could 

have a dramatic effect on observed compliance levels. 

 Improving care delivered by EMS in the field will likely require a multi-faceted approach.  

Previous work has identified gaps in EMS provider stroke knowledge, suggesting a role for EMS 

education.59, 134  Studies of educational initiatives have generally demonstrated favorable results 
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in terms of post-training knowledge60, 135 and, in a small number of studies, improved EMS 

recognition in the field98 or prenotification rates.98, 136  Based on the findings of predictors of EMS 

performance, education around atypical stroke presentations and SAH may be of particular 

benefit.  An important barrier to ideal EMS stroke care is the fact that EMS providers are 

typically unable to continue to follow a patient after hospital arrival.  As such, there is little 

opportunity for providers to develop their clinical acumen by learning from a patient’s final 

diagnosis, clinical course, or outcome.  Lack of or suboptimal feedback regarding care has in 

fact been identified by EMS providers as a barrier to improving their perofrmance.59, 137, 138  

There is also a small body of evidence suggesting that feedback may be useful in improving 

prehospital care,82, 98 although the durability of its impact is not clear.98  In light of the success 

achieved by registry-based feedback, benchmarking, and continuous quality improvement for 

ED stroke care,20 it seems likely that similar methods could help realize the benefits of optimal 

prehospital stroke care.      

  

Limitations 

 The first major limitation of this analysis is that, due to the observational nature of these 

data, the relationships identified by this analysis cannot be considered causal.  It is not known to 

what degree EMS performance may be improved or if improvements would necessarily impact 

hospital outcomes from this analysis.  We have previously undertaken a small-scale EMS 

quality improvement in Kent County that successfully, but transiently, improved EMS recognition 

of stroke, prenotification rates, and speed of alteplase delivery98 offering some reason to believe 

that such intervention at the state level may garner similar results.  Quality improvement in the 

context of diverse practice patterns and regional variation will undoubtedly be more complex. 

 Another important limitation to this analysis is a possible lack of generalizability.  

Although state-level prehospital data collections systems are harmonized in terms of data 

definitions, there is undoubtedly variation in how data is collected and uploaded.  No studies 
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exist to directly compare stroke-related data from different state-level prehospital registries.  Our 

findings would require replication in other states prior to drawing firm conclusions. 

 Another threat to generalizability of our findings is our use of a cohort of EMS-

transported, confirmed stroke cases.  Assessing stroke care using prehospital records alone (for 

example, a population of EMS suspected stroke cases) would be very different and could yield 

different estimates of compliance compared to this cohort of confirmed stroke cases.84  As one 

example, compliance rates for EMS prehospital stroke scale documentation among EMS 

suspected cases obtained from Georgia’s EMS registry suggested 99% compliance.88   

 As our dataset was assembled using data from MOSAIC-participating hospitals in 

Michigan, another threat to generalizability is introduced by the fact that hospitals that 

participate in registries may perform better than or respond differently to EMS than non-

participating hospitals.  This issue is common to all large-scale registry-based assessments of 

stroke care.  In the end, this analysis is likely most reliable for informing EMS quality 

improvement within the population in which it was conducted. 

 Another limitation is missing data.  Although MOSAIC data is periodically audited, is 

collected by trained abstractors, and has been demonstrated to be highly complete and 

accurate,110, 139 MI-EMSIS data has none of those characteristics.   In fact, a recent review of 

MI-EMSIS data suggested moderately high rates of missing data for many different variables.107  

This was apparent during the matching process, when approximately 1/3 of cases that were 

coded by MOSAIC as having arrived by EMS were not successfully matched to an EMS record, 

primarily due to missing or inaccurate matching variables.108  Despite this limitation, it appears 

that the matched population remained representative of the underlying population of EMS-

transported strokes across a wide variety of demographic and clinical characteristics.  However, 

it remains possible that unmeasured differences limit inferences drawn from this analysis to the 

target population.    
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 The missingness issue leads to another limitation of this analysis.  Since compliance 

with performance measures was determined based on documentation in MI-EMSIS, there are 

two potential errors: (1) EMS may have performed an action, but failed to document it, and (2) 

EMS documentation may have occurred, but failed to map appropriately to MI-EMSIS.  In both 

cases, this would result in an under-estimate of actual EMS performance.  Given the moderately 

high rates of missing data across a variety of data elements in MI-EMSIS,107 we expect the 

absolute estimates of EMS compliance are almost certainly underestimated.  Nevertheless, the 

fact that documented compliance with performance measures was consistently associated with 

favorable hospital care implies that despite these limitations, existing documentation retains 

value as an indicator of prehospital quality of care even if the absolute compliance rates are 

likely skewed downward.   

 

Conclusions 

 In this database of EMS-transported strokes in Michigan, compliance with prehospital 

stroke performance measures is moderate, but inconsistent.  Sources of variability include 

patient-level and group-level factors that may help target interventions.  Nevertheless, higher 

compliance with prehospital performance metrics was associated with better in-hospital care.  

These data suggest several potential targets for quality improvement efforts and provide 

evidence that compliance is associated with favorable downstream care.  Quality improvement 

interventions should be performed in the context of systematic (and ideally controlled) studies to 

quantify the magnitude of their effect on EMS stroke care performance as well as measure the 

impact of changes in EMS performance on downstream care and patient outcomes.  
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APPENDIX A: DATA ELEMENTS AND SOURCES 

 

Data Elements Summary 

MI-EMSIS Data Elements 

EMS agency code (generic code assigned to individual EMS agencies) 

Dispatch Complaint = stroke/TIA (1 or 0) 

EMS Provider Primary or Secondary impression of stroke/TIA (1 or 0) 

EMS response time (difference between EMS notified time and scene arrival time in minutes) 

EMS on-scene time (difference between EMS scene arrival time and left scene time in minutes) 

EMS transport to hospital time (difference between EMS left scene time and hospital arrival time 

in minutes) 

EMS documentation of glucose (1 or 0) 

EMS documentation of prehospital stroke scale (1 or 0) 

EMS documentation of last known well time (1 or 0) 

 

MOSAIC Data elements 

Destination hospital code 

Sex (male, female, missing) 

Race (white, black, other/not recorded) 

Age category (<60, 60-69, 70-79, 80-89, 90 or greater) 

Final discharge Diagnosis (ischemic stroke or TIA, intracerebral hemorrhage, subarachnoid 

hemorrhage) 

First documented NIHSS following arrival (0-5, 6-11, 12-20, 21 or greater, missing) 

Time from LKW to hospital arrival in minutes (0-120, 121-360, 631-720, >720, missing) 

Door-to-CT time (time from arrival at hospital to CT performance in minutes) 

Delivery of IV alteplase (1 or 0) 

Door-to-needle (time from hospital arrival to delivery of alteplase bolus) 

Year in which event occurred (2018 or 2019) 

Documentation of EMS hospital prenotification (1 or 0) 
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APPENDIX B: SAMPLE STATA PROGRAMS 

 

Stata programs for selected mixed effects logistic regression models 

 

Multivariable crossed random effects models for clinical/demographic predictors of compliance 

 

melogit pssdoc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: R.dest, 

or 

 

melogit gluc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: R.dest, or 

 

melogit emsstroke i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: 

R.dest, or 

 

melogit lkwdoc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: R.dest, 

or 

 

melogit ost15 i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: R.dest, or 

 

melogit prenot_hosp i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat || _all: R.agency || _all: 

R.dest, or 

 

 

 

Multivariable random intercept models for association between EMS compliance and early CT among all 

strokes 

 

xtset ahpair 

 

xtlogit dtct25 pssdoc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 

 

xtlogit dtct25 gluc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 

 

xtlogit dtct25 emsstroke i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 

 

xtlogit dtct25 ost15 i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 

 

xtlogit dtct25 lkwdoc i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 

 

xtlogit dtct25 prenot_hosp i.agecat female i.nonwhite i.stroketype2 i.nihsscat i.otdcat , or nolog 
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APPENDIX C: COMPARISON OF DIFFERENT RANDOM EFFECTS 

Table 9: Comparison of logistic regression models for PSS compliance utilizing different random effects. 

Covariate 
Bivariate (no 

random effect) 

Crossed Random 

Effects 

Agency-Hospital 

Pair 
Agency alone Hospital alone 

Multivariable 

Model with No 

Random Effects  

Age             

<60 Ref Ref Ref Ref Ref Ref 

60-69 1.37 (1.16-1.61) 1.4 (1.14-1.71) 1.37 (1.12-1.68) 1.39 (1.14-1.7) 1.37 (1.14-1.64) 1.34 (1.12-1.59) 

70-79 1.37 (1.17-1.61) 1.31 (1.08-1.6) 1.32 (1.08-1.61) 1.3 (1.07-1.58) 1.32 (1.1-1.57) 1.27 (1.07-1.5) 

80-89 1.34 (1.14-1.57) 1.24 (1.01-1.51) 1.21 (0.99-1.49) 1.22 (1-1.49) 1.25 (1.05-1.5) 1.18 (0.99-1.4) 

≥90 1.38 (1.13-1.68) 1.33 (1.03-1.71) 1.29 (1-1.68) 1.3 (1.01-1.68) 1.35 (1.07-1.69) 1.23 (0.99-1.53) 

Female 0.94 (0.85-1.04) 0.93 (0.81-1.05) 0.92 (0.81-1.05) 0.93 (0.81-1.05) 0.96 (0.85-1.07) 0.97 (0.87-1.08) 

Race             

White Ref Ref Ref Ref Ref Ref 

Black 0.64 (0.56-0.72) 0.96 (0.79-1.17) 0.95 (0.77-1.16) 0.96 (0.79-1.17) 0.92 (0.77-1.09) 0.67 (0.59-0.77) 

Other/missing 1.02 (0.81-1.28) 1.04 (0.78-1.38) 1.06 (0.79-1.42) 1.06 (0.8-1.41) 1.01 (0.78-1.31) 1.18 (0.93-1.5) 

Stroke Subtype             

IS/TIA Ref Ref Ref Ref Ref Ref 

SAH 0.33 (0.24-0.47) 0.57 (0.38-0.86) 0.58 (0.39-0.87) 0.57 (0.38-0.84) 0.59 (0.4-0.85) 0.55 (0.39-0.79) 

ICH 0.7 (0.6-0.81) 1.12 (0.91-1.37) 1.12 (0.91-1.38) 1.1 (0.9-1.35) 1.05 (0.88-1.26) 0.94 (0.79-1.11) 

NIHSS             

0-6 Ref Ref Ref Ref Ref Ref 

6-11 1.52 (1.31-1.76) 1.69 (1.41-2.02) 1.62 (1.35-1.94) 1.72 (1.44-2.05) 1.48 (1.27-1.74) 1.49 (1.28-1.73) 

12-20 1.47 (1.25-1.73) 1.67 (1.36-2.04) 1.64 (1.34-2) 1.68 (1.38-2.06) 1.48 (1.24-1.77) 1.44 (1.22-1.7) 

>20 1.04 (0.86-1.26) 1.03 (0.82-1.3) 1.02 (0.81-1.29) 1.04 (0.82-1.31) 1 (0.81-1.23) 1.03 (0.85-1.25) 

Missing 0.36 (0.3-0.44) 0.4 (0.32-0.51) 0.38 (0.3-0.49) 0.42 (0.33-0.53) 0.43 (0.35-0.54) 0.48 (0.39-0.59) 

LKW to Door             

0-120 Ref Ref Ref Ref Ref Ref 

121-360 0.9 (0.77-1.07) 0.81 (0.66-0.99) 0.82 (0.67-1) 0.81 (0.67-0.99) 0.86 (0.72-1.03) 0.89 (0.75-1.05) 

361-720 0.74 (0.62-0.89) 0.69 (0.55-0.86) 0.7 (0.56-0.88) 0.69 (0.55-0.86) 0.71 (0.59-0.87) 0.74 (0.62-0.9) 

>720 0.57 (0.49-0.66) 0.52 (0.44-0.62) 0.53 (0.45-0.63) 0.52 (0.43-0.61) 0.6 (0.52-0.7) 0.61 (0.53-0.71) 

Missing 0.34 (0.29-0.4) 0.28 (0.23-0.34) 0.27 (0.22-0.34) 0.28 (0.23-0.34) 0.34 (0.29-0.41) 0.4 (0.34-0.48) 

Agency ICC 0.52 0.55 n/a n/a n/a n/a 

Destination ICC 0.01 0.01 n/a n/a n/a n/a 

ICC n/a n/a 0.52 (0.44-0.59) 0.58 (0.48-0.67) 0.14 (0.08-0.21) n/a 
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