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INTRODUCTION
Delays in timely identification, imaging, and treatment 

of acute stroke are associated with significant morbidity 
and mortality.1,2 To ensure timely delivery of care, hospitals 
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Introduction: Delays in identification and treatment of acute stroke contribute to significant morbidity 
and mortality. Multiple clinical factors have been associated with delays in acute stroke care. We aimed 
to determine the relationship between emergency department (ED) crowding and the delivery of timely 
emergency stroke care.

Methods: We used prospectively collected data from our institutional Get with the Guidelines-Stroke 
registry to identify consecutive acute ischemic stroke patients presenting to our urban academic ED 
from July 2016–August 2018. We used capacity logs to determine the degree of ED crowding at 
the time of patients’ presentation and classified them as ordinal variables (normal, high, and severe 
capacity constraints). Outcomes of interest were door-to-imaging time (DIT) among patients potentially 
eligible for alteplase or endovascular therapy on presentation, door-to-needle time (DTN) for alteplase 
delivery, and door-to-groin puncture (DTP) times for endovascular therapy. Bivariate comparisons 
were made using t-tests, chi-square, and Wilcoxon rank-sum tests as appropriate. We used regression 
models to examine the relationship after accounting for patient demographics, transfer status, arrival 
mode, and initial stroke severity by the National Institutes of Health Stroke Scale.

Results: Of the 1379 patients with ischemic stroke presenting during the study period, 1081 (78%) 
presented at times of normal capacity, 203 (15%) during high ED crowding, and 94 (7%) during 
severe crowding. Median DIT was 26 minutes (interquartile range [IQR] 17-52); DTN time was 43 
minutes (IQR 31-59); and median DTP was 58.5 minutes (IQR 56.5-100). Treatment times were not 
significantly different during periods of higher ED utilization in bivariate or in multivariable testing. 

Conclusion: In our single institution analysis, we found no significant delays in stroke care 
delivery associated with increased ED crowding. This finding suggests that robust processes of 
care may enable continued high-quality acute care delivery, even during times with an increased 
capacity burden. [West J Emerg Med. 2020;21(4)891-898.]

develop robust processes to promptly identify and treat 
patients presenting with concern for acute stroke.3-7 National 
guidelines recommend administration of alteplase within 
60 minutes of patient presentation, and achieving this target 
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Population Health Research Capsule

What do we already know about this issue?
Delays in care of acute stroke lead to 
morbidity and mortality. ED crowding has 
also been associated with delays for other 
disease processes.

What was the research question?
For patients presenting with acute stroke, is 
ED crowding associated with delays in care?

What was the major finding of the study?
ED crowding was not associated in delays in 
care for patients presenting with acute stroke.

How does this improve population health?
Our findings suggest that robust systems may 
be protective in times of increased capacity 
burden. Further study may help identify other 
disease processes to target.

is dependent on timely imaging and appropriate utilization 
of scarce emergency department (ED) resources.8,9 The 
availability of many critical resources may be further 
threatened with the increasing prevalence of ED crowding.10-12 
Previous studies have demonstrated the association of ED 
crowding with patient safety concerns, delays in care, and 
even patient mortality.13-15

Data regarding the relationship between ED crowding 
and acute stroke care in particular are limited. One study 
found that among patients presenting with acute symptoms 
(within three hours), imaging and thrombolysis times were 
not affected by ED crowding,16 whereas another reported that 
increased crowding was associated with poorer performance 
on door-to-imaging times (DIT).17

Given conflicting findings, we sought to investigate the 
relationship between ED crowding and timely imaging and 
treatment of acute stroke in our high-volume, urban, academic 
ED. We hypothesized that increased crowding would be 
associated with delays in imaging, alteplase delivery, and 
time-to-groin puncture for patients undergoing endovascular 
therapy. We further hypothesized that other factors associated 
with stroke care, such as higher stroke severity, may mitigate 
these delays during times of increased crowding. 

METHODS
Data Source, Study Setting, and Population

This was a retrospective analysis of prospectively 
collected data on consecutive ischemic stroke patients 
presenting to a single, urban, academic comprehensive stroke 
center hospital with over 108,714 ED visits in 2017. The 
ED resources for acute stroke care include two dedicated 
ED computed tomography (CT) scanners as well as an in-
person neurology team (24/7 availability). The CT scanners 
are located adjacent to the ED with a <2-minute stretcher 
transport from high acuity rooms. Code stroke is activated 
by ED care team members when a patient presents with 
signs or symptoms concerning for acute stroke. Code stroke 
activation results in a group page sent immediately to the 
ED neurology team, ED pharmacist, ED radiology team, and 
CT technologist. The CT scanner is then cleared and held for 
evaluation of the patient. 

We used data from the institutional Get with the 
Guidelines-Stroke dataset, which includes patient 
demographics, and detailed clinical data including time of 
presentation, time of imaging, stroke severity (measured by 
National Institutes of Health Stroke Scale [NIHSS] score), 
time of alteplase administration, and time of puncture for 
endovascular therapy.18,19 We included all patients over 18 
years of age with a final diagnosis of ischemic stroke, who 
presented through the ED between July 2016–August 2018. 

We matched patients’ time of presentation in the stroke 
registry data with data from our ED capacity logs. The log 
documents the state of ED utilization at all times on a three-
point ordinal scale of normal capacity, high capacity, or 

severe capacity constraints. High capacity-constraint status 
is automatically triggered when all monitored bays and half 
of the monitored hallway stretchers are occupied. A severe 
capacity-constraint status is triggered when all monitored 
beds, including bays and stretchers, are occupied. Patients in 
our registry were cross-referenced against ED capacity logs to 
determine the capacity state at time of arrival for each patient.

Because our objective was to determine whether time-
dependent metrics were influenced by ED capacity constraints, 
we focused this analysis on patients with acute stroke who 
were potentially eligible for intervention on presentation 
(Figure 1). This included patients potentially eligible for 
alteplase (presenting within 4.5 hours of last known well 
[LKW] for all patients regardless of illness severity), and 
those potentially eligible for endovascular therapy (presenting 
within eight hours of LKW with moderate or severe disability, 
defined as NIHSS > 6). 

Outcomes of Interest
Outcomes of interest were DIT, door-to-needle (DTN) time 

for alteplase delivery, and door-to-groin puncture time (DTP) 
for endovascular therapy. For the DIT analysis, we excluded 
transferred patients to focus on patients in whom previous 
imaging had not yet been completed. We secondarily examined 
DIT among all alteplase-treated patients. The DTN analysis 
included all patient arriving within 4.5 hours of LKW time and 
treated with alteplase. The DTP analysis included all patients 
arriving within eight hours of LKW time with NIHSS >6 who 
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received endovascular therapy. In addition to our primary 
outcomes of interest (DIT, DTN, and DTP) we also examined 
compliance with guideline-recommended dysphagia screening 
and 25- and 60-minute windows for DIT and DTN, respectively.

Statistical Analysis
Our independent variable of interest was ED crowding at the 

time of patient presentation, as defined above. We used t-tests, 
chi-square, and Wilcoxon rank-sum tests as appropriate for 
bivariate comparisons. We used regression models to examine 
the relationship between ED crowding and outcomes of interest 
after accounting for patient age, gender, transfer status, arrival 
mode, and stroke severity (based on NIHSS). The covariates 
listed above included in the model were determined a priori based 
on clinical experience and prior literature.1-5,20-23 We conducted 
analyses using Stata 14.2 (StataCorp, College Station, Texas). 
The Massachusetts General Hospital Institutional Review Board 
approved the study and did not require informed consent for this 
retrospective data analysis.

RESULTS
We identified 1379 ED patients with ischemic stroke 

during the study period. Of this population, 495 were 
potentially eligible for alteplase or endovascular therapy 

on presentation. Patient characteristics for this cohort are 
included in Table 1. Seventy-nine percent of patients with 
acute ischemic stroke presented in times of normal utilization, 
while 14% presented during high crowding and 7% presented 
during times of severe crowding. Patients were more likely 
to present as a transfer to our ED during times of normal 
capacity, and patients presenting during severe crowding had 
lower stroke severity than patients presenting during normal 
and high-capacity constraints; there were otherwise no other 
patient-level differences associated with differences in ED 
capacity status (Table 1). 

We further assessed how the distribution of increased 
crowding for stroke patients compared with the general 
population. During the study period, our ED had normal 
capacity constraints 78% of the time, with increased and 
severe crowding 12% and 10% of the time, respectively. 
Eighty-one percent of increased crowding activations occurred 
Monday-Thursday, with the median time of activation 1:35 pm. 

Door-to-Imaging Times
Of the 1379 patients in our sample, 298 patients presented 

directly (non-transfers) and were potentially eligible for 
alteplase or endovascular therapy (presented within 4.5 hours 
of LKW with any stroke severity or within eight hours of 

Assessed for eligibility: Patients with 
acute ischemic stroke who presented to 
the ED, July 2016 to August 2018

(N= 1379)

Exclusion (n=884)
• Age <18 (n=6)
• LKW >8hrs
• 4.5 hours < LKW < 8 hours and NIHSS 

≤ 6 (n = 187) 

 

Included in study: Patients potentially 
eligible for alteplase or EVT 

(n=495)*

Patient presenting during normal ED 
capacity constraints 

(n= 390)

Patient presenting during high ED 
capacity constraints 

(n= 71)

Patient presenting during severe ED 
capacity constraints 

(n= 34)

Analyzed (n= 390) Analyzed (n= 71) Analyzed (n= 34)

Figure 1. CONSORT diagram for patient inclusion criteria by study outcome.
*DIT analysis includes 298/495 patients who were non-transfers.
ED, emergency department; LKW, last known well; NIHSS, National Institutes of Health Stroke Scale; EVT, endovascular therapy; DIT, 
door-to-imaging time.
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LKW with NIHSS score of 6 or greater). Median DIT among 
this cohort was 26 minutes (interquartile range [IQR] 17-52) 
and did not significantly differ by ED capacity constraints 
at time of presentation in bivariate testing (Table 2 and 
Figure 2), or in multivariable regression after accounting 
for patient characteristics, EMS arrival, and stroke severity 
(Supplementary Table). EMS arrival was independently 
associated with faster DIT. Median DIT among the 82 
alteplase-treated patients was 18 minutes (IQR 14-26) and did 
not significantly differ by ED crowding at time of presentation 
in bivariate testing (Table 2). 

Door-to-Needle Time for Alteplase Receipt
Among the 82 alteplase-treated patients in our sample, 

median DTN was 43 minutes (IQR 31-59) and did not 
significantly vary by ED capacity status at time of presentation 
in bivariate testing (Table 2, Figure 2) or after accounting 
for patient characteristics, stroke severity, and EMS arrival 
(Supplementary Table). Of these patients, 78% had DTN 
within 60 minutes of arrival.

Door-to-Groin Puncture for Endovascular Therapy
Among the 52 patients who received endovascular 

therapy, median DTP was 68.5 minutes (IQR 56.5-100 
minutes), and DTP times did not vary by ED capacity status at 
time of presentation in bivariate testing (Table 2, Figure 2), or 
after accounting for patient characteristics, stroke severity, and 
EMS arrival (Supplementary Table).

DISCUSSION
This study investigated the relationship between ED 

crowding and prompt recognition and management of 
patients with acute ischemic stroke. We found no significant 
difference in time to imaging, administration of alteplase, 
or to endovascular therapy when the ED was experiencing 
high or severe capacity constraints. This suggests that robust, 
protocolized systems in place to address the time-sensitive 
requirements of stroke treatment may be protective against 
increasing ED capacity constraints.

Previous data regarding the impact of ED crowding 
on stroke evaluation and treatment is limited and mixed. 
Chatterjee et al found that ED crowding was not associated 
with delays in imaging for patients presenting less than 
three hours from symptoms onset. However, the study did 
demonstrate delays if symptoms had been present for longer, 
suggesting that less emergent care may be delayed in times 
of worsening ED crowding.16 Recently, a study by Reznek et 
al found an association between ED crowding and failure to 
comply with DIT goals under 25 minutes.17 This is in contrast 
to our results, in which crowding was not associated with 
delays in DIT. 

There are multiple potential explanations for this 
difference. First, our institution has multiple CT scanners 
available to the ED, which may be protective in times of 
increased volume. Additionally, differences in the populations 
included in the studies may have contributed to the difference 
in results. The population included in the Reznek et al study 

Patient and clinical characteristics
All patients 

n=495

Normal capacity 
constraints

n=390 (78.8%)

High capacity 
constraints

n=71 (14.3%)

Severe capacity 
constraints
n=34 (6.9%)

Gender
Female 248 (50%) 201 (51.5%) 33 (46.5%) 14 (41.2%)
Age, median (IQR) 73 (62-83) 73 (61-84) 76 (66-84) 66.5 (58-81)
Race/ethnicity

White 358 (72.3%) 286 (73.3%) 48 (67.6%) 24 (70.6%)
Black 39 (7.9%) 26 (6.7%) 8 (11.3%) 5 (14.7%)
Asian 22 (4.4%) 17 (4.4%) 2 (2.8%) 3 (8.8%)
American Indian/Alaska Native 1 (0.2%) 0 (0%) 1 (1.4%) 0 (0%)
Hispanic 29 (5.9%) 23 (5.9%) 6 (8.5%) 0 (0%)
Unavailable 75 (15.1%) 61 (15.6%) 12 (16.9%) 2 (5.9%)

Mode of ED arrival
Private Transport 59 (11.9%) 41 (10.5%) 10 (14.1%) 8 (23.5%)
EMS 243 (49.1%) 184 (47.2%) 39 (54.9%) 20 (58.8%)

Interfacility Transfer 193 (39.0) 165 (42.3%) 22 (40.0%) 6 (17.7%)
NIHSS on Admission#, median (IQR) 7 (2-16) 8 (3-16) 6.5 (2-12) 2.5 (1-8.5)
NIHSS > 6 on admission 304 (61.4%) 250 (64.1%) 42 (59.2%) 12 (35.3%)

Table 1. Patient and clinical characteristics.

IQR, interquartile range; ED, emergency department; EMS, emergency medical services; NIHSS, National Institutes of Health Stroke Scale.
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All Patients 
n=495

Normal capacity 
constraints

n=390 (78.8%)

High capacity 
constraints

n=71 (14.3%)

Severe capacity 
constraints

n=34 (6.9%) P-value
Median DIT in minutes (IQR) 26

(17-52)
26.5

(17-54)
23

(17-37.5)
26

(17-76)
0.50

n (%) 716 222 (75%) 48 (16%) 28 (9.4%)
Median DIT among patients receiving 
alteplase in minutes (IQR)

1 (14-26) 18.5 (14-26) 21.5 (12.5-32) 17 (15-20) 0.74

n (%) 82 62 (76%) 12 (15%) 8 (10%)
Median DTN in minutes (IQR) 43

(31-59)
43

(32-60)
35

(29-47)
45

(36.5-54)
0.41

n (%) 82 62 (76%) 12 (15%) 8 (10%)
Median DTP in minutes (IQR) 68.5 (56.5-100) 68.5 (56-100) 72 (58-95) 54 0.54
n (%) 52 46 5 1
DIT < 25 mins among all non-transferred 
patients treated with alteplase
Yes 59 (72%) 45 (73%) 7 (58%) 7 (88%) 0.45
No 23 (28%) 17 (27%) 5 (42%) 1 (13%)
DTN < 60 mins among all patients 
treated with alteplase
Yes 64 (78%) 47 (76%) 10 (83%) 7 (88%) 0.39
No 18 (22%) 15 (24%) 2 (17%) 1 (12%)
Dysphagia Screen performed in the ED 
among all acute stroke patients
Yes 864 (63%) 675 (62%) 129 (64%) 60 (64%) 0.35
No 514 (37%) 406 (38%) 74 (36%) 34 (36%)

DIT, door-to-imaging time; IQR, interquartile range; DTN, door-to-needle time; DTP, door-to-groin puncture time; mins, minutes; ED, 
emergency department.

Table 2. Study outcomes by capacity.

included all patients in whom a “code stroke” was activated, 
with symptom onset within 12 hours. This may have led to 
the inclusion of patients who were not candidates for acute 
treatment, and as such the time-dependency of their imaging 
may have been considered less critical. The patients included 
in our study were those with a retrospective diagnosis of acute 
stroke and who were also potentially eligible for treatment on 
presentation. Given that the patients included in our sample 
had potential for intervention on arrival to the ED, expediting 
their evaluation may have been even further prioritized. 
Thus, these patients experienced no delays in care in times of 
increased crowding. 

Other studies have also examined other patient or clinical 
factors in addition to ED crowding that are associated with 
prompt imaging and management of acute stroke. These 
factors have included gender, symptom severity, and mode 
of ED arrival.21-23 We did not find any disparities by gender or 
race/ethnicity; however, consistent with previous reports, we 
did find an association between EMS arrival and faster DIT.

Our study expands on previous work by assessing 
the relationship between timely stroke care and capacity 

constraints, and adds a novel analysis of DTP for endovascular 
therapy. Our findings underscore the value of dedicated ED 
protocols and processes to ensure high-quality delivery of time-
critical care irrespective of ED volume. Having a dedicated ED 
stroke team, ED pharmacist, and neuroradiology support in the 
ED may reduce any variation in imaging times that capacity 
constraints would otherwise impose. However, the availability 
of these resources may be both institution- and disease-specific. 
Some institutions with resource constraints may be more likely 
to experience delays in acute care with only marginal increases 
in ED crowding. Further study may identify what level of 
crowding may lead to delays for stroke care as well as the 
resources needed to protect against capacity constraints. 

Our results have potential implications for the organization 
of stroke systems of care. In the prehospital triage of patients 
with suspected stroke due to large vessel occlusion (LVO), it is 
hypothesized that transport directly to thrombectomy-capable 
centers could introduce harm due to possible over-triage. There 
is concern that this action may lead to increased crowding and 
worse outcomes for patients at these hospitals. However, our 
results suggest that for patients presenting within the treatment 
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windows for alteplase or thrombectomy, crowding does not 
contribute to slower treatment times. Thus, protocoled care 
may enable treatment without delays, regardless of crowding 
conditions, in scenarios of transport directly to a thrombectomy-
capable hospital. 

As crowding and capacity challenges continue to be a 
pervasive issue for many EDs, developing and maintaining 
efficient processes to ensure high-quality care for high acuity, 
time-critical patients is paramount. Studies have highlighted 
how defined systems of care for critical disease processes can 
protect against delays in care, yet even these results have been 
mixed. For example, there are conflicting results regarding the 
impact of ED crowding on delays in percutaneous coronary 
intervention for acute myocardial infarction.24-26 For sepsis 
care, studies have demonstrated significant delays in core 
treatments including time to intravenous fluids and antibiotic 
administration.27,28 ED crowding continues to have large 
implications for delays in less emergent care as well. For 
example, studies have found delays in community-acquired 
pneumonia treatment as well as increased mortality associated 
with increased ED crowding for these patients.14,29-31 Multiple 
studies have also demonstrated an association between 
increased ED volume and delays in analgesia administration; 
this notably includes patients with sickle cell crises.32-34 
As capacity constraints continue to grow, understanding 
and creating better processes of care for defined patient 
populations may become even more essential in the ED.

One potential explanation for our findings could be that 
times of peak crowding occurred concurrently with times 
of increased resource availability. Given that most patients 
presenting during times of crowding arrived during the day 
and on a weekday, it is likely that increased hospital staffing 
and resource availability could contribute to expedited care 
during peak hours. In fact, recent studies have shown that 
a reduction in available physicians and nurses has been 
associated with increased DIT and DTN times, respectively.35 

Reassuringly, we found that the distribution of capacity 
constraints for stroke patients presenting to the ED was similar 
to that for the general population. Further study may be 
warranted to better characterize how ED staffing models and 
time of presentation may affect delays in stroke care during 
times of increased ED crowding.

LIMITATIONS
Our retrospective analysis is not without limitations. We 

assessed the impact of capacity constraints in a large, urban, 
academic center with a robust system in place for acute stroke 
care. This may limit generalizability, as the relationship 
between crowding and care delivery may vary based on 
practice type and resource availability. However, we believe 
that our findings are valuable in highlighting the potential to 
maintain high-quality, time-critical care delivery even in the 
face of major capacity challenges. 

Another limitation is that our retrospective analysis may 
not have been powered to detect a difference in our study 
outcomes, despite the fact that our comprehensive stroke 
center sees the largest number of patients with acute stroke 
in our state, and we were able to capture clinical data on all 
acute stroke patients during the study period, we did have a 
relatively smaller proportion of patients presenting during 
times of the highest crowding. One explanation for this is 
that our institution is closed to outside hospital transfers 
during times of severe crowding, which may limit the number 
of patients with ischemic stroke at this time. In our large 
cohort, we found no trend towards significance for the study 
outcomes, yet it remains plausible that with larger samples, 
specifically for high and severe capacity constraints, there may 
exist a significant effect. 

Additionally, with the exception of patients with LVO, our 
institution did not accept interfacility transfers during times of 
severe crowding, which narrows our study population. We also 
used an eight-hour window for thrombectomy consideration 

Figure 2. Study outcomes by capacity constraints on the effect of timely treatment of stroke patients.
*Includes 286 patients with complete data who were non-transfers, and potentially eligible for alteplase or endovascular therapy.
#Includes 82 patients who were not transferred and were treated with alteplase within 4.5 hours of presentation. 
+Includes all 52 patients who were eligible and received endovascular therapy.
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based on institutional protocols, although in the latter six 
months of the study period this expanded to 24 hours. We chose 
not to include the expansion because the expanded protocol was 
in variable implementation during that time. Our population 
also includes a relatively greater proportion of patients arriving 
via EMS as well as a relatively racially homogenous population. 
Findings may differ in settings with different demographics or 
different patterns of prehospital care.

Another limitation of our analysis is that we were unable 
to directly evaluate for delays to recognition of or diagnosis 
of stroke due to the nature of our data. However, given that 
our registry includes all patients with a final diagnosis of 
stroke, and imaging times were not different between patients 
presenting during times of crowding, this suggests that it 
is unlikely that there were substantial delays to diagnosis 
in these patients. Last, we could not measure the effect of 
prioritizing stroke care over other diseases also relying on 
advanced imaging to make a diagnosis. It is plausible that care 
for other disease states may be delayed while resources are 
being used for acute stroke patients.

CONCLUSION
In our single-institution, observational study, we found 

that ED capacity constraints were not significantly associated 
with delays in acute stroke care, suggesting that robust 
processes of care for critically ill patients may be protective 
from the growing burden of ED crowding.
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