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ORIGINAL RESEARCH

Emergency Medical Services Stroke 
Care Performance Variability in Michigan: 
Analysis of a Statewide Linked Stroke 
Registry
J. Adam Oostema , MD, MS; Adrienne Nickles, MPH; Zhehui Luo , MS, PhD; Mathew J. Reeves , BVSc, PhD

BACKGROUND: Emergency medical services (EMS) compliance with recommended prehospital care for patients with acute 
stroke is inconsistent; however, sources of variability in compliance are not well understood. The current analysis utilizes a 
linkage between a statewide stroke registry and EMS information system data to explore patient and EMS agency-level con-
tributions to variability in prehospital care.

METHODS AND RESULTS: This is a retrospective analysis of a cohort of confirmed stroke cases transported by EMS to hospitals 
participating in a statewide stroke registry. Using EMS information system data, the authors quantified EMS compliance with 
6 performance measures derived from national guidelines for prehospital stroke care: prehospital stroke scale performance, 
glucose check, stroke recognition, on-scene time ≤15 minutes, time last known well documentation, and hospital prenotifi-
cation. Multilevel multivariable logistic regression analysis was then used to examine associations between patient-level de-
mographic and clinical characteristics and EMS compliance while accounting for and quantifying the variation attributable to 
agency of transport and recipient hospital.

Over an 18-month period, EMS and stroke registry records were linked for 5707 EMS-transported stroke cases. Compliance 
ranged from 24% of cases for last known well documentation to 82% for documentation of a glucose check. The other 
measures were documented in approximately half of cases. Older age, higher National Institutes of Health Stroke Scale, and 
earlier presentation were associated with more compliant prehospital care. EMS agencies accounted for more than half of the 
variation in EMS prehospital stroke scale documentation and last known well documentation and 27% of variation in glucose 
check but <10% of stroke recognition and prenotification variability.

CONCLUSIONS: EMS stroke care remains highly variable across different performance measures and EMS agencies. EMS 
agency and electronic medical record type are important sources of variability in compliance with key prehospital perfor-
mance metrics for stroke.

Key Words: emergency medical services (EMS) ■ healthcare qualtiy assessment ■ medical record linkage ■ prehospital ■ quality 
improvement ■ registries ■ stroke

The need for data-driven optimization of prehospi-
tal care for time-dependent emergencies such as 
acute stroke has long been recognized.1–5 However, 

accomplishing this goal requires both a common 

nomenclature to describe emergency medical services 
(EMS) encounters as well as a mechanism to compile 
EMS data from its many segmented sources in order 
to describe and monitor care.6 To accomplish this, a 
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Uniform Prehospital Dataset6,7 has been developed and 
used to create state-level and National EMS Information 
Systems (NEMSIS).5,8 However, while these data have 
been used for a variety of surveillance functions, rela-
tively little research has examined its content and reliabil-
ity. Furthermore, because of the separation of EMS and 
in-hospital data describing patient outcomes, NEMSIS 
has yet to fully deliver on its promise of providing data 
to drive quality improvement.9 Recognition of this short-
coming has led to calls for systematic integration of EMS 
data to other health data sources, a goal identified as 
a top priority by the Prehospital Guideline Consortium.10

Acute stroke is a medical emergency of partic-
ular interest to EMS systems because the efficacy 
and safety of stroke treatments are highly time de-
pendent.11 As the first point of contact for more than 
half of patients with stroke,12 EMS providers are in a 
unique position to expedite stroke care. Observational 
evidence has confirmed that, compared with those 
who arrive by other means, EMS-transported patients 

with stroke arrive in the emergency department ear-
lier in the course of their symptoms,13,14 receive brain 
imaging faster,13,14 and are treated with alteplase more 
frequently14 and more quickly.15 Nevertheless, these 
benefits are not universally achieved for all EMS-
transported patients with stroke but are linked in part 
to the quality of prehospital care provided by EMS.16 
In particular, accurate EMS stroke recognition17–19 
and hospital prenotification19–21 are pivotal in trans-
lating EMS utilization into favorable emergency de-
partment stroke responses. To promote EMS stroke 
recognition, expedient transport, and activation of 
hospital-based stroke systems, several prehospi-
tal performance metrics have been developed for 
stroke11,22; however, compliance with these practices 
is variable,16 and data regarding outcomes for EMS-
transported patients with stroke are often lacking.23,24

Little has been done to establish the sources of vari-
ation in EMS care. Patient-level characteristics such as 
age, time since last known well (LKW), and whether 
the onset of symptoms was witnessed presumably 
contribute to patient-level differences. Another poten-
tial source of variability is EMS agency-level factors 
stemming from different practice patterns or differ-
ent electronic medical record (EMR) systems. We ad-
dress these gaps using a recently established linkage 
between Michigan’s EMS Information Systems (MI-
EMSIS) and MASR (Michigan’s Acute Stroke Registry), 
a member of the Paul Coverdell National Acute Stroke 
Registry.25 This linkage allows for examination of cur-
rent EMS stroke care performance in a state-wide 
sample of EMS-transported patients with strokes 
and describes the degree and sources of variability in 
EMS performance compliance at the patient and EMS 
agency level.

METHODS
Data Sources and Linkage
The current study is a retrospective, observational 
analysis of a cohort of EMS patient encounters who 
ultimately received a hospital-based diagnosis of an 
acute cerebrovascular event (ischemic stroke, hemor-
rhagic stroke, or transient ischemic attack) admitted 
to one  of 38 MASR participating hospitals between 
January 1, 2018, and June 30, 2019. The data set 
arises from a probabilistic linkage between the MASR 
and MI-EMSIS previously described.25 In it, we used 
probabilistic matching software (LinkPlus, Centers for 
Disease Control) followed by an iterative cleaning pro-
cess to link records from 2 deidentified data sets. Of 
8828 stroke cases in the MASR coded as arrived by 
EMS, 5985 (67.8%) were successfully matched to a 
corresponding EMS record. The matched cohort in-
cluded data from 38 of the 104 acute care hospitals 

CLINICAL PERSPECTIVE

What Is New?
•	 This analysis quantifies emergency medical 

services compliance with recommendations 
for the prehospital care of patients with stroke 
and explores sources of variability in care using 
linked data from statewide emergency medical 
services and stroke registries.

•	 Compliance with key metrics was highly varia-
ble overall, and a substantial portion of this vari-
ability is attributable to agency-level variation in 
the content or documentation of care.

What Are the Clinical Implications?
•	 Knowledge of variability in emergency medi-

cal services performance may help stroke 
programs design and target interventions to im-
prove prehospital stroke care.

Nonstandard Abbreviations and Acronyms

EMR	 electronic medical record
LKW	 last known well
MASR	 Michigan’s Acute Stroke Registry
MI-EMSIS	 Michigan’s EMS Information 

System
NEMSIS	 National EMS Information System
NIHSS	 National Institutes of Health Stroke 

Scale
PSS	 prehospital stroke scale
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in Michigan and 147 of the 281 transporting EMS 
agencies in Michigan. The MASR contains 56.7% of 
all stroke admissions in the state. For this analysis, 
cases with illogical door-to-computed tomography 
times (<0 minutes), prolonged door-to-computed to-
mography (>360 minutes), or that did not arrive to the 
emergency department were excluded from analysis. 
This quality improvement analysis of deidentified data 
received an exempt determination from the Michigan 
Department of Health and Human Services institu-
tional review board and, thus, informed consent was 
not required. The data that support the findings of 
this study are available from the corresponding author 
upon reasonable request.

EMS Performance Measures
Compliance with 6 quality measures derived from stroke 
clinical guidelines and consensus statements11,22,26 
were examined (Table  1). Each measure represents 
an action included in the state EMS stroke protocol, 
which serves as the basis for local EMS protocols in 
Michigan.27 Five of the measures were abstracted di-
rectly from relevant fields in MI-EMSIS, which reflect 
documentation by EMS providers. The sixth measure 
(prenotification) was derived from hospital-based doc-
umentation in MASR because it was not reliably avail-
able in MI-EMSIS. The proportion of EMS-transported 
stroke cases with documented compliance for each 
measure was calculated across all cases in the linked 
data set. Phi correlation coefficients28 were calculated 
to quantify the correlation in compliance between 
each pair of quality measures. We then calculated the 
mean, SD, median, and 90th percentile agency-level 
compliance rates for each measure. Agency-level per-
formance was also examined after excluding agencies 
with ≤10 stroke transports during the study period.

Statistical Analysis
Descriptive statistics were used to characterize the 
demographic and clinical characteristics of the study 
sample using proportions with 95% CIs for counts, 
means with SDs for normally distributed continuous 
variables, and medians with quartiles for nonnormally 
distributed continuous variables. All statistical analyses 
were conducted using Stata version 15 (StataCorp 
LLC).

To identify factors independently associated with 
variation in EMS compliance, a multilevel logistic regres-
sion model was developed. In it, patient-level factors 
including age, race, sex, stroke type, stroke severity, 
and time from LKW to hospital arrival were treated as 
fixed effects. Additionally, hospital-level and agency-
level random intercepts (crossed random effects) were 
included to account for clustering within each group 
(see Data S1). Intraclass correlation coefficients were 
calculated to estimate the proportion of total variance 
in EMS compliance attributable to EMS agency-level 
and hospital-level variation.29,30 The model was run 
with each of the 6 quality measures as a binary out-
come. We also hypothesized that EMR structure may 
account for some interagency variation as each EMS 
agency uses one of 19 different EMR software ven-
dors. Therefore, for metrics where a substantial portion 
of variance was attributable to EMS agencies and very 
little to destination hospital, we examined the contribu-
tion of different EMS EMR software by including EMR 
type as a random effect.

RESULTS
During the 18-month study period, 5707 EMS-
transported stroke cases met inclusion criteria (Figure 1). 
A summary of demographic and clinical characteristics 
of these clinically confirmed EMS-transported patients 
with acute stroke is provided in Table 2. Patients were 
mostly older than 60 years with a slight female predom-
inance. Acute ischemic stroke or transient ischemic at-
tack made up >80% of cases. About one-third arrived 
within 120 minutes of symptom onset, and 18.5% ar-
rived within 60 minutes. Transportation was provided 
by 147 EMS agencies to the 38 MASR hospitals. EMS 
agencies delivered patients to a median of 2 hospi-
tals (quartile 1–quartile 3, 2–4; minimum–maximum, 
1–10) and hospitals received patients from a median 
of 10 different agencies (quartile 1–quartile 3, 7–13; 
minimum–maximum, 1–23).

Overall transport-level quality measure compli-
ance is provided in Figure  2. Glucose documenta-
tion had the highest compliance (82%) and LKW 
documentation the lowest (24%). Prehospital stroke 
scale (PSS) documentation, on-scene time ≤15 min-
utes, and prenotification were all documented in 

Table 1.  Prehospital Stroke Performance Measure 
Definitions*

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 min Time from EMS scene arrival to beginning 
transport to hospital is ≤15 min

LKW time documentation Cases with EMS documentation of LKW 
date/time

Hospital prenotification† Documentation of prenotification in 
MASR database

EMS indicates emergency medical services; LKW, last known well; MASR, 
Michigan Acute Stroke Registry; and TIA, transient ischemic attack.

*For each measure, the compliance rate is calculated as the number of 
compliant cases divided by all EMS-transported stroke cases.

†Data obtained from Michigan’s EMS Information System except for 
prenotification, which was derived from the MASR database.
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approximately half of the cases. At the patient level, 
compliance with any one measure was only weakly 
correlated with compliance on any other measure 
(Table S1).

Mean and median agency-level quality are pro-
vided in Table  3. Point estimates for median EMS 
agency-level compliance ranged from 12.5% for 
LKW documentation to 86.1% for glucose documen-
tation; however, the range between quartile 1 and 
quartile 3 was large for these estimates. Mean and 
median agency-level compliance was ≈50% for PSS 
documentation, EMS stroke recognition, on-scene 
time ≤15 minutes, and prenotification. When limiting 
the analysis to agencies with >10 cases, interquartile 
range estimates (quartile 3–quartile 1) were smaller, 
but mean and median agency-hospital–level perfor-
mance estimates were similar with one exception: 
LKW documentation demonstrated an unchanged 
mean but higher median performance (Table 3). The 
full distribution of agency-level compliance rates is 
provided in Figure S1.

Output from multilevel, multivariable random-
effects models is presented in Table  4. Older age 
demonstrated statistically significant associations 
with most measures. Female sex was associated 
with slightly higher odds of glucose check and slightly 
lower odds of EMS stroke recognition and on-scene 

time ≤15 minutes. On the other hand, patient race was 
not associated with any EMS performance measure 
in adjusted models. The most consistent associations 
were observed for stroke severity, with moderate to 
severe cases (National Institutes of Health Stroke 
Scale [NIHSS] >6) consistently having the highest 
odds of receiving compliant care. Patients who pre-
sented earlier following symptom onset also tended 
to have higher odds of EMS compliance, while pa-
tients with subarachnoid hemorrhage tended to have 
significantly lower odds of compliance than those 
with ischemic stroke.

In examining the relative contribution of transporting 
agency and destination hospital to variability in EMS 
quality measure compliance, we observed evidence 
of a substantial agency-level effect for PSS and LKW 
documentation. For both measures, intraclass correla-
tion coefficient values indicated that more than half of 
variation was attributable to the EMS agency (Table 4). 
The only measure for which destination hospital con-
tributed to a large portion of overall variation was 
prenotification (intraclass correlation coefficient=0.41). 
Because of the extremely high degree of variation at-
tributable to agency for PSS and LKW documenta-
tion, we repeated the crossed random-effects models 
for these variables substituting agency EMR type for 
destination. In these models, 20% of variance in PSS 

Figure 1.  Flow diagram of included patients.
CT indicates computed tomography; DTCT, door-to-computed tomography; EMS, emergency medical services; MASR, Michigan 
Acute Stroke Registry; and MI-EMSIS, Michigan’s EMS Information System.

8828

Patients with stroke who arrived
at MASR hospitals by EMS 

5985

Stroke cases matched to EMS 
records

5707 

Included in analysis

620,907

MI-EMSIS transports to MASR 
hospitals

Excluded

110 DTCT >360 minutes
89 DTCT <0 minutes
78 No CT performed
1 No final diagnosis
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performance and 31% of LKW documentation were 
attributable to EMR type after accounting for patient-
level factors and EMS agency-level effects (Table S2).

DISCUSSION
To minimize the harm associated with stroke, rapid 
diagnosis and treatment are critical.11 EMS providers 
are in a unique position to expedite care through early 
recognition of stroke, efficient transport to appropriate 
facilities, and prehospital activation of hospital-based 
stroke teams. Clinical guidelines have outlined recom-
mended prehospital actions that target each of these 
goals.11,22,26 However, sources of variation in EMS 
stroke care are not well described. Our statewide sam-
ple of EMS-transported stroke cases offers a unique 
opportunity to examine this question across a variety 
of practice settings.

Perhaps the most novel element of this analysis is 
our ability to quantify the contribution of agency-level 
and hospital-level variation to overall EMS variability 
in performance. We found that variation in each mea-
sure could be attributed in part to the transporting 
EMS agency. For measures such as on-scene time 
and EMS stroke recognition, this contribution was 
relatively small. On the other hand, >50% of variation 
in PSS and LKW documentation was attributable to 
the transporting agency. While this may reflect true 
practice variation between agencies, other potential 
sources for this variation include differences in EMS 
documentation practices or problems with mapping of 
data elements to the statewide registry. These latter 
possibilities are highly probable given the fact that the 
hospital prenotification, the only metric derived from 

Table 2.  Characteristics of the 5707 EMS-Transported 
Patients With Stroke in the MASR

Characteristic All patients (N=5707)

Age category, y

<60 1081 (18.9)

60–69 1197 (21)

70–79 1383 (24.2)

80–89 1436 (25.2)

>89 610 (10.7)

Women 2971 (52.1)

Race

Non-Hispanic White 4039 (70.8)

Non-Hispanic Black 1222 (21.4)

Hispanic ethnicity (any race) 167 (2.9)

Asian 47 (0.8)

American Indian/Alaska Native 19 (0.3)

Native Hawaiian/Pacific Islander 2 (0.0)

Unknown 209 (3.7)

Year

2018 (12 mo) 3684 (64.5)

2019 (6 mo) 2023 (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 665 (11.7)

Onset-to-door time, min

0–60 1055 (18.5)

61–120 839 (14.7)

121–360 885 (15.5)

136–720 645 (11.3)

>720 1344 (23.6)

Missing 939 (16.5)

DTCT ≤25 min 3214 (56.3)

Median DTCT (quartile 1–quartile 3) 21 (10–55)

Alteplase treated 959 (19.9)

DTN ≤45 (%) 469 (49.0)

Median DTN (quartile 1–quartile 3) 46 (36–64)

EMS agency volume (transports) 
(n=147)

>300 4 (2.7)

151–300 4 (2.7)

76–150 10 (6.8)

11–75 54 (36.7)

1–10 75 (51.0)

 (Continued)

Characteristic All patients (N=5707)

Hospital certification (n=38)

CSC 10 (26.3)

PSC 25 (65.8)

ASR/no designation 3 (7.9)

Hospital stroke volume (n=38)

>300 5 (13.1)

150–299 12 (31.6)

75–149 11 (28.9)

25–74 5 (13.1)

1–24 5 (13.1)

Values are expressed as number (percentage) unless otherwise indicated. 
ASR indicates acute stroke ready; CSC, comprehensive stroke center; DTCT, 
door-to-computed tomography; DTN, door-to-needle; EMS, emergency 
medical services; ICH, intracerebral hemorrhage; IS, ischemic stroke; 
MASR, Michigan Acute Stroke Registry; NIHSS, National Institutes of Health 
Stroke Scale; NOS, not otherwise specified; PSC, primary stroke center; 
SAH, subarachnoid hemorrhage; and TIA, transient ischemic attack.

Table 2.  Continued
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hospital data, demonstrated little EMS-level variation. 
Ultimately, the quantification of group-level variation is 
primarily beneficial in prompting further investigation to 
determine the underlying causes. Based on analysis of 
measures with substantial EMS agency-level variation, 
roughly half of that variation was attributable to EMR 
software type. These findings suggest that quality and 
accuracy of EMS data in MI-EMSIS may be improved 
by more closely examining data collection and upload 
processes from lower-performing agencies and EMR 
software.

As has been demonstrated in previous studies,​
16–18,31–34 we also identified that documentation of 
EMS quality indicators varied greatly by measure. 

Among currently recommended EMS practices 
for stroke care, the metric most consistently docu-
mented was a glucose check. While this finding is 
encouraging, 17.5% of all stroke transports were still 
missed. As hypoglycemia is a relatively common 
stroke mimic35,36 that is correctable in the prehos-
pital setting, and checking glucose is consistently 
required by stroke protocols,37 this remains a logical 
target for quality improvement efforts. On the other 
hand, the documentation of LKW was disproportion-
ately low compared with every other measure, which 
may imply that data capture issues are driving this 
finding. MI-EMSIS contains separate fields for date/
time of symptom onset and for date/time LKW. We 

Figure 2.  Percentage of 5707 EMS–transported stroke cases with documented prehospital 
stroke performance metric compliance with 95% CIs.
A, Overall EMS performance at the patient level. B, Patient-level EMS performance by agency stroke 
transport volume. EMS, emergency medical services; LKW, last known well; OST, on-scene time; and 
PSS, prehospital stroke scale.
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suspect that EMS providers either document symp-
tom onset time in lieu of LKW or record LKW in fields 
that fail to map properly to the designated LKW field 
in the MI-EMSIS system. Further investigation of this 
issue is needed.

For the metrics PSS documentation, EMS stroke 
recognition, and prenotification, compliance rates av-
eraged ≈50% to 60%. These rates are in keeping with 
previous studies of EMS performance.16,38 Given the 
strong linkages observed between PSS documenta-
tion and EMS stroke recognition,17,34,39 and between 
recognition, prenotification, and favorable emergency 
department stroke evaluation and treatment,16,18,21,40–42 
these findings strongly support the need to target 
these measures through prehospital stroke quality im-
provement programs. This is further underscored by 
the National EMS Quality Alliance, which recently en-
dorsed a quality metric focused on prehospital stroke 
scale performance.43 Previous studies have suggested 
that EMS compliance with these metrics can be im-
proved through education and feedback,31,44,45 al-
though the impact of these efforts in the long term is 
less certain.44

Demographic characteristics demonstrated only 
modest associations with EMS performance measure 
compliance. Advancing age demonstrated a partic-
ularly strong association with EMS scene times. This 
might be driven by mobility difficulties in older adults 
requiring greater levels of assistance from EMS provid-
ers, or higher rates of nursing home residence where 
ingress and egress from facilities may cause delays. 
Advancing age was positively associated with both PSS 
documentation and EMS recognition of stroke, which 
is not surprising given the well-known association be-
tween advanced age and stroke risk. Nevertheless, 
LKW documentation and prenotification were unre-
lated to age, suggesting that once a case is recog-
nized as a suspected stroke, prehospital providers 

proceeded without regard to the age of the patient. 
Female sex was associated with lower odds of both 
EMS stroke recognition in adjusted analysis. The lower 
odds of EMS stroke recognition among women has 
been described in at least one other previous study.46 
One possible explanation for this might be higher rates 
of atypical symptoms among women as has been re-
ported in hospital-based studies47; however, further 
research is needed to investigate the potential causes 
for this finding. Finally, although Black race was asso-
ciated with lower odds of EMS compliance for several 
measures in unadjusted analysis, these associations 
became nonsignificant following adjustment in multi-
variable models, suggesting that other factors account 
for much of the crude differences observed by race. 
Given the known racial disparities in stroke treatment 
and outcomes generally,48 these findings are some-
what reassuring with respect to equity in prehospital 
stroke care.

Clinical characteristics often had the strongest 
associations with EMS compliance. Strokes with an 
NIHSS >6, ischemic strokes, and patients who pre-
sented earlier were at higher odds of EMS compliance 
for almost every measure. We suspect that more “ob-
vious” stroke cases (severe strokes and those with 
symptoms such as unilateral weakness) are more 
likely to be correctly identified and treated appropri-
ately by EMS, as previous studies demonstrate.17,39,49 
This phenomenon also likely explains the low odds of 
compliance among patients with subarachnoid hem-
orrhage, who often present with headache or altered 
mental status. Overall, these results are encouraging 
that patients most likely to receive optimal prehospital 
care are also the patients most likely to be candidates 
for acute ischemic stroke treatments. Targeting EMS 
education toward recognizing patients with stroke who 
have atypical presentations and low NIHSS may also 
be beneficial.

Table 3.  Mean, Median, and 90th Percentile EMS Agency Performance Across All EMS Agencies (n=147) and Those With 
>10 Stroke Transports (n=72)

All EMS agencies (n=147)* Agencies with >10 stroke transports (n=72)†

Performance 
measure

Mean agency-
level compliance 
(SD)

Median agency-level 
compliance (quartile 
1–quartile 3)

90th 
percentile

Mean agency-level 
compliance (SD)

Median agency-level 
compliance (quartile 
1–quartile 3)

90th 
percentile

PSS documentation 47.2 (36.2) 53.6 (0.0–76.5) 100.0 50.9 (29.7) 59.1 (26.7–71.9) 87.5

Glucose check 76.7 (27.4) 86.1 (66.7–100) 100.0 79.0 (18.9) 84.9 (73.8–91.6) 96.2

EMS stroke recognition 52.5 (30.1) 55.2 (35.0–70.0) 100.0 52.9 (16.8) 54.5 (46.7–61.7) 72.7

LKW documented 26.6 (32.2) 12.5 (0.0–46.9) 75.0 26.9 (24.0) 22.7 (4.8–45.9) 62.7

OST ≤15 min 51.0 (28.0) 50.0 (37.5–67.9) 100.0 52.8 (14.7) 52.2 (41.7–62.3) 75.0

Prenotification 56.2 (30.9) 57.9 (38.9–81.8) 100.0 59.5 (22.4) 59.1 (45.7–79.8) 86.7

Agency-level performance was defined as the proportion of compliant cases transported by an agency divided by the total number of cases transported by 
that agency. EMS indicates emergency medical services; LKW, last known well; OST, on-scene time; and PSS, prehospital stroke scale.

*N=5707 encounters.
†N=5448 encounters.
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Table 4.  Demographic and Clinical Characteristics Associations With EMS Performance Measure Compliance Among 
5707 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, y

<60 Reference Reference Reference Reference Reference Reference

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)

Women 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 Reference Reference Reference Reference Reference Reference

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 Reference Reference Reference Reference Reference Reference

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 Reference Reference Reference Reference Reference Reference

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 Reference Reference Reference Reference Reference Reference

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

LKW documentation On-scene ≤15 min Prenotification

Covariate Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Age, y

<60 Reference Reference Reference Reference Reference Reference

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)

Women 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 Reference Reference Reference Reference Reference Reference

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)

 (Continued)
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Limitations
Hospitals that participate in MASR tend to be larger, 
located in urban/suburban settings rather than rural 
areas, and are mostly certified primary or compre-
hensive stroke centers. As such, our findings should 
be applied with caution to less populated areas. 
As with all observational studies, the associations 
in this analysis should not be considered as causal 
relationships, and it is possible that additional un-
measured factors confound some of the associa-
tions we observed. Moreover, our data are limited 
to cases with confirmed stroke and are thus not 
able to address EMS quality of care among stroke 
mimics. However, our previous work has found that 
when EMS compliance was examined only among 
suspected stroke cases, compliance rates tended 
to be higher,16 thus estimates of compliance we re-
port are likely lower than what would be observed 
among all EMS-suspected stroke cases. Another 
important consideration for the estimates of EMS 
compliance is that this analysis is entirely reliant on 
documentation by EMS that successfully mapped 
to a statewide database. Therefore, it is possible 
that outcomes such as performance measure com-
pliance may not reflect actual care delivered in the 
field. For the stroke recognition metric, lower rates 
may be partially explained by EMS providers feeling 

reluctance to commit to the impression even if clini-
cal suspicion is high enough to prompt otherwise 
appropriate prehospital stroke care and prenotifica-
tion. Furthermore, although we calculated compli-
ance using all cases as the denominator, this is not 
necessarily meant to imply that all these measures 
should have 100% compliance for all patients. For 
example, prenotification may not be critically impor-
tant for the transport of a patient whose symptoms 
are known to be present for several days.

CONCLUSIONS
In this large state-wide sample, EMS compliance with 
quality measures was variable. Practices such as ob-
taining a point of care glucose test were frequently 
performed; however, there are substantial opportuni-
ties for improvement in EMS stroke screening, recogni-
tion, and prenotification. Future studies are needed to 
investigate the different sources of variation between 
EMS agencies. Identifying agencies and EMR types 
with low rates of performance measure compliance 
may be a productive strategy to address known issues 
with missing data in MI-EMSIS50 by locating readily fix-
able data mapping problems that would result in more 
consistent and accurate estimates of actual EMS per-
formance for stroke and other conditions.

LKW documentation On-scene ≤15 min Prenotification

Covariate Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Stroke subtype

IS/TIA Reference Reference Reference Reference Reference Reference

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 Reference Reference Reference Reference Reference Reference

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 Reference Reference Reference Reference Reference Reference

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

EMS indicates emergency medical services; ICC, intraclass correlation coefficient; ICH, intracerebral hemorrhage; IS, ischemic stroke; LKW, last known well; 
NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; PSS, prehospital stroke scale; SAH, subarachnoid hemorrhage; and TIA, transient ischemic attack.

*Unadjusted intraclass correlation coefficient (ICC) is derived from the unconditional means model containing no fixed effects.
†P<0.05.

Table 4.  Continued
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Data S1. Supplemental Methods 

Variables with continuous values such as age, onset to door times, and NIHSS do not have 
linear relationships with the outcomes of interest.  Therefore, these variables were discretized 
into roughly equal sized groups based on the distribution of individuals in the sample prior to 
building multivariable models.  Since EMS agencies frequently delivered patients to more than 
one hospital, and all MASR hospitals received patients from multiple different EMS agencies, 
we added crossed random effects for each of these group-level variables.51  This approach 
allows an independent random intercept term for both EMS agency and destination hospital, 
which ensures appropriate standard error estimates for fixed effects while providing level-
specific estimates of variance attributable to each group level combination of EMS agency and 
hospital.52  Therefore, multi-level logistic regression models including crossed random effects for 
both agency and hospital were developed as follows:   

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

where PM represents a given performance measure, a j 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.  The agency- and destination hospital-level 
variance estimates obtained from the crossed random effects logistic regression models were 
then 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 = (σhospital2) / [σagency  2 + σhospital2 + (π2 / 3)],   (Equation 2) 

 ICCagency = (σagency  2) / [σagency  2 + σhospital2 + (π2 / 3)],   (Equation 3) 

where each σ2 term represents the estimated variance of the random intercept term for the 
specified level of the model and (π2 / 3) was used to estimate the level 1 variance.29,30  

 

  



Table S1. Correlation coefficients* for compliance rates between pairs of performance metrics across all 
5707 EMS-transported stroke cases 

       

 

PSS 
Documented 

Glucose 
Check 

EMS Stroke 
Recognition 

OST ≤ 15 
Minutes 

LKW 
Documented Prenotification 

PSS Documented 1      

Glucose Check 0.13 1     

EMS Stroke Recognition 0.38 0.17 1    

OST ≤ 15 Minutes 0.08 -0.05 0.20 1   

LKW Documented 0.35 0.12 0.31 0.08 1  

Prenotification 0.19 0.08 0.25 0.07 0.14 1 

 

*All coefficients had Bonferroni-adjusted significance levels of 0.05 or less. 

  



Table S2. Random effects logistic models for prehospital stroke screen (PSS) and last known 
well (LKW) time documentation with agency-level and EMS agency EMR type as random 
effects. IS = ischemic stroke; TIA = transient ischemic attack; SAH = subarachnoid hemorrhage; 
ICH = intracerebral hemorrhage; NIHSS = National Institutes of Health Stroke Scale; ICC = 
intraclass correlation coefficient; EMR = electronic medical record 

Covariate PSS Document LKW Document 

Age     
<60 Ref Ref 
60-69 1.4 (1.1-1.7) 1.2 (0.9-1.6) 
70-79 1.3 (1.1-1.6) 1.1 (0.9-1.4) 
80-89 1.2 (1-1.5) 1.1 (0.9-1.4) 
≥90 1.3 (1-1.7) 1.2 (0.8-1.6) 

      
Female 0.9 (0.8-1.1) 0.9 (0.8-1.1) 
      
Race     

White Ref Ref 
Black 1 (0.8-1.2) 0.9 (0.7-1.1) 
Other/missing 1.1 (0.8-1.4) 1 (0.7-1.4) 

      
Stroke Subtype     

IS/TIA Ref Ref 
SAH 0.6 (0.4-0.8) 0.4 (0.2-0.7) 
ICH 1.1 (0.9-1.4) 1 (0.8-1.3) 

      
NIHSS     

0-6 Ref Ref 
6-11 1.7 (1.4-2.1) 1.6 (1.3-2) 
12-20 1.7 (1.4-2.1) 1.8 (1.4-2.3) 
>20 1 (0.8-1.3) 1.6 (1.2-2.2) 
Missing 0.4 (0.3-0.5) 0.9 (0.6-1.3) 

      
LKW to Door     

0-120 Ref Ref 
121-360 0.8 (0.7-1) 0.8 (0.6-1) 
361-720 0.7 (0.5-0.8) 0.8 (0.6-1) 
>720 0.5 (0.4-0.6) 0.5 (0.4-0.6) 
Missing 0.3 (0.2-0.3) - 
      

Rural 1 (0.6-1.6) 1.4 (0.7-2.6) 
Agency ICC 0.32 0.39 
EMS EMR ICC 0.20 0.31 



Figure S1. Compliance for each prehospital stroke performance measure across 147 EMS agencies (A-F).  Prenotification is also 
presented across the 38 destination hospitals (G). PSS = prehospital stroke screen; EMS = emergency medical services; LKW = last 
known well; OST = on-scene time 
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