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Background: This study aimed to identify which emergency department (ED)

factors impact door-to-needle (DTN) time in acute stroke patients eligible for

intravenous thrombolysis. The purpose of analyzing emergency department

factors is to determine whether any modifiable factors could shorten the time to

thrombolytics, thereby increasing the odds of improved clinical outcomes.

Methods: This was a prospective observational quality registry study that included

all patients that received alteplase for stroke. These data are our hospital data

from the national Get With The Guidelines Registry. The Get With The Guidelines
®

Stroke Registry is a hospital-based program focused on improving care for patients

diagnosed with a stroke. The program has over five million patients, and hospitals

can access their own program data. The registry promotes the use of and

adherence to scientific treatment guidelines to improve patient outcomes. The

time of patient arrival to the ED was captured via the timestamp in the electronic

health record. Arriving between Friday 6 p.m. and Monday 6 a.m. was classified as

“weekend,” regardless of the time of arrival. Time to CT, time-to-lab, and presence

of a dedicated stroke teamwere also recorded. Emergencymedical services (EMS)

run sheets were used to verify arrival via ambulance.

Results: Forty-nine percent of the cohort presented during the day shift, 24%

during the night shift, and 27% on the weekend. A total of 85% were brought by

EMS, and 15% of patients were walk-ins. The median DTN time during the day

shift was 37min (IQR 26–51, range 10–117). The median DTN time during the

night shift was 59min (IQR 39–89, range 34–195). When a dedicated stroke team

was present, the median DTN time was 36min, compared to 51min when they

were not present. The median door-to-CT time was 24min (IQR 18–31min). On

univariate analyses, arriving during the night shift (P < 0.0001), arriving as a walk-in

(P = 0.0080), and longer time-to-CT (P < 0.0001) were all associated with longer

DTN time. Conversely, the presence of a dedicated stroke team was associated

with a significantly shorter DTN time (P < 0.0001).

Conclusion: Factors that contribute most to a delay in DTN time include arrival

during the night shift, lack of a dedicated stroke team, longer time-to-CT read,
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and arrival as a walk-in. All of these are addressable factors from an operational

standpoint and should be considered when performing quality improvement of

hospital protocols.

KEYWORDS

intravenous thrombolysis, door-to- puncture time, acute ischemic stroke, stroke system

of care, emergency medicine

Introduction

It is common knowledge that, in acute ischemic stroke (AIS),

expeditious thrombolysis with tissue plasminogen activator (tPA)

has markedly positive outcomes. Shorter time to thrombolytics—

often referred to as door-to-needle (DTN) time—not only

reduces mortality and symptomatic intracranial hemorrhage,

but also results in higher rates of independent ambulation at

discharge, discharge to home, and better functional outcomes at

3 months (1). While thrombolytics are approved to be given

in the 4.5 h following the onset of stroke symptoms (with

several exceptions), there is a push to give them as soon

as possible, with a common mantra being “time is brain.”

Giving thrombolytics as soon as 45min following presentation

to the emergency department (ED) results in improved all-

cause mortality or all-cause re-admission at 1 year, although it

did not impact re-admission for stroke or other cardiovascular

diseases (1).

Furthermore, the updated stroke guidelines by the American

Heart Association (AHA) and the American Stroke Association

(ASA) (2) reflect this drive to administer thrombolytics within

an hour of patient arrival, supported by additional medical

associations, such as the American College of Cardiology (3).

However, studies have shown that only 30%−50% of American

patients with stroke have been treated within the 60-min window

(4, 5). These findings motivate intensive efforts to accelerate

hospital presentation and thrombolytic treatment in patients

with AIS.

The 2018 AHA/ASA Guidelines for the Early Management

of Patients with Acute Ischemic Stroke also addressed the pre-

hospital approach to patients demonstrating stroke-like symptoms.

The use of emergency medical services (EMS) has been associated

with earlier arrival to the ED (<3 h), quicker evaluation, shorter

door-to-imaging time (<25min), more rapid administration of

thrombolytics (<60min), and more eligible patients administered

thrombolytics (6). Given the time-sensitive nature of AIS, the

public has been encouraged to call EMS if they experience stroke-

like symptoms; however, only 60% of patients with stroke are

brought by EMS (7). One of the largest benefits of EMS transporting

the patient is the advance notice provided, allowing the ED to

assemble the hospital stroke team for rapid evaluation and care.

Furthermore, advance notice allows the Radiology department to

allocate a CT scanner for the patient with stroke, minimizing time

wasted if another patient is being scanned. Streamlined protocols

across providers and specialties have shown a reduction in DTN

time, regardless of the time of day or academic vs. community

center (8, 9).

Many of these studies, however, were performed in Canada or

in large established academic U.S. hospitals (6–9). There is a paucity

of studies at community hospitals in the American southeast,

especially in Florida. A major effort to remedy this, from 2010 to

2015, was the National Institute of Neurologic Disorders and Stroke

(NINDS)-funded Florida-Puerto Rico (FL-PR) Collaboration to

Reduce Stroke Disparities (CReSD) Study. The main findings

were that the achievement of DTN time ≤60min and DTN time

≤45min was highest in South Florida (50%, 23%), while lowest

in West and Central Florida (28%, 11%) (5). Thus, our study in

Central Florida aimed to identify whether the time of day when

the patient presented to our ED and whether they arrived via

ambulance impacted the DTN time.

Methods

This is a prospective observational quality registry study that

included all patients at our institution who received alteplase in

the ED. Our institution sees over 80,000 patient visits per year,

has a comprehensive stroke center, and is home to both neurology

and emergency medicine residency programs. Of the 80,000 ED

visits, ∼500 are for acute ischemic stroke, and we deliver acute

thrombolysis for∼25%. The current study consisted of consecutive

patients over a 12-month period that presented as stroke alerts and

received thrombolytic therapy. The University Institutional Review

Board gave an exempt determination for this study #SBE-1814176.

Our acute stroke protocol begins with notification from

emergency medical services (EMS) personnel for patients

transported via ambulance. Our prehospital protocol to screen for

stroke includes the Los Angeles Motor Score (LAMS), baseline

functional status, and current anticoagulant (5). Immediately upon

notification, a “stroke alert” is announced on the overhead pager,

and stroke teammembers are individually notified on their hospital

cellular phones. The stroke team consists of a neurology resident

physician, a neurology advanced registered nurse practitioner, the

CT and lab technicians, the ED pharmacist, and the ED physicians.

During the period of this study, our institution did not have 24/7

coverage by the stroke team. The team is, thus, able to mobilize

before patient arrival when prehospital notification is received.

Upon arrival, the patient is transported to a designated “stroke

bed,” which automatically weighs the patient. The thrombolytic

dosing is calculated based on this weight and is readied in case

the patient would qualify for thrombolysis. The patient’s blood is

obtained for laboratory analysis en route to the CT scanner, and

thrombolytics are administered in the CT scanner room itself if the

patent is a candidate.
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The DTN time along with other stroke metrics was captured in

the Get with the Guidelines
R©
-Stroke (GWTG) registry, to which

our institution belongs. GWTG-Stroke is the American Heart

Association’s (AHA) collaborative performance improvement

program, demonstrated to improve adherence to evidence-based

care of patients hospitalized with stroke (6). Hospital data are

entered into GWTG by trained and monitored abstractors using

explicit protocols, precisely defined variables, and standardized

abstraction instruments, as delineated by the AHA. Missing,

conflicting, and ambiguous chart elements are coded per AHA

GWTG instructions. Abstractors are blinded to any study

hypotheses, as they are data entry personnel who work for the

stroke service and are not part of the research team.

The time of patient arrival to the ED was captured via the

timestamp in the electronic health record (EHR) and categorized

as either being during the “day shift” (6 a.m.−6 p.m.) or the “night

shift” (6 p.m.−6 a.m.). Arriving between Friday 6 p.m. andMonday

6 a.m. was classified as “weekend,” regardless of the time of arrival.

This classification is based on the shift times of the emergency

department physicians as well as the stroke team. The mode of

arrival was classified as arrival via EMS vs. walk/drove in. Our logic

in selecting these two factors is that they are potentially ones that

we would be able to influence.

Results

The cohort consisted of 107 patients, 44% of whom were

women. The racial distribution was 44% white, 35% Hispanic,

16% black, and 5% mixed race. The median age was 67 with an

interquartile range of 55–79 years. Twenty-eight percent had a

history of a prior stroke, while 36% had a history of diabetes. The

median NIHSS at admission was 10 with an interquartile range of

5–17 and a range from 1 to 34. The median NIHSS at discharge was

2 with an interquartile range of 0–6 and a range from 0 to 34. The

median door-to-CT time was 24min (IQR 18–31min). Themedian

door-to-lab result time was 41.5min (IQR 32–58). Twenty-four

percent underwent thrombectomy in addition to thrombolysis.

Forty-nine percent of the cohort presented during the day shift,

24% during the night shift, and 27% on the weekend. A total

of 85% were brought by EMS, and 15% of patients were walk-

ins. The median DTN time during the day shift was 37min (IQR

26–51, range 10–117). The median DTN time during the night

shift was 59min (IQR 39–89, range 34–195). When a dedicated

stroke team was on duty, the median DTN time was 36min

compared to 51min when they were not present. Table 1 presents

the cohort demographics categorized by arrival during the day or

night shift.

Univariate factors associated with increased DTN time

included: arriving during the night shift (P < 0.0001) not arriving

via EMS (P= 0.0080), and during the absence of a dedicated stroke

team (P < 0.0001). Time to CT was also significantly associated

with DTN time (P < 0.0001). Interestingly, time-to-lab was not

statistically significant. During the day shift, the median door-

to-CT time was 22min (IQR 18–29, range 5–129) compared to

31.5min (IQR 18–42, range 13–82) during the night shift. Arrival

via EMS occurred in 75% of cases during the night shift, but

in 88% of cases during the day shift. The time-to-CT was also

TABLE 1 Cohort demographics.

Day shift
(n = 82)

Night shift
(n = 25)

Age Median 67

(IQR 57–81 years)

Median 59

(IQR 44–70 years)

Sex 49% female (n= 41) 32% female

History of prior

stroke

27% (n= 22) 32% (n= 8)

History of diabetes 41% (n= 34) 12% (n= 3)

Underwent

thrombectomy

29% (n= 24) 16% (n= 4)

Race 46% white, 35%

Hispanic, 13% black, 6%

mixed

36% white, 32%

Hispanic, 24% black, 8%

mixed

Time to CT Median= 22

(IQR 18–28min)

Median= 30

(IQR 19–42min)

Time to Lab Median= 41

(IQR 32–56min)

Median= 42

(IQR 34–58min)

NIHSS in the ED Median= 10

(IQR 6–17)

Median= 7.5

(IQR 2.5–15min)

Arrival via walk-in 6% 28%

CT, computed tomography; NIHSS, National Institutes of Health Stroke Scale; ED, emergency

department; IQR, interquartile range; min, minutes.

significantly different for those who did and did not arrive via EMS.

The median time-to-CT for patients arriving via EMS was 21.5min

(IQR 17–28, range 5–129min). By contrast, the median DTN time

for patients not arriving by EMS was 37min (IQR 25.5–50, range

19–62 min).

None of the other factors, including age, sex, history of diabetes

or prior stroke, or NIHSS in the ED, were significant. In a

multivariate model that included all of these factors, the same

univariate factors remained statistically significant.

Of these univariate results, the ones that were most interesting

to our team were the time of patient arrival (day vs. night shift

and weekday vs. weekend shift) and mode of arrival, as these

are operational factors that we could potentially address. We

performed a two-way analysis of variance (ANOVA), which is a

whole-model test that determines whether at least one pair of

means is significantly different from each other. After rejecting the

null hypothesis (P< 0.0001), we followed up with Tukey’s multiple-

comparison procedure, a conservative test that adjusts for multiple

comparisons, and found that night shift patients had a significantly

longer DTN time than day shift patients (P < 0.0001) and weekend

patients (P = 0.0272).

To determine the effect sizes, we performed a least-squares

linear regression model. This model yields a line that makes the

vertical distance from the data points to the regression line as small

as possible. It is referred to as a “least squares” because the best

line of fit is one that minimizes the variance (the sum of squares of

the errors). The predicted DTN time (R2 = 0.281) was determined

by the following approximate formula: 48.5min + 18.1min (if the

patient is a walk-in) + the value for shift time. Values for shift

time were as follows: −16.0min if the day shift, +15.3min if the

night shift, and +0.6min if the weekend shift. Both the shift type
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TABLE 2 Reasons for delay in door-to-needle (DTN) time.

Reason for delay in DTN time

Patient was brought in by EMS as a drug overdose

Transfer from free-standing ED and delay in getting INR

Patient unstable

Chest pain and concern for aortic dissection, needed to wait for chest CTA

Patient improved then worsened

Atypical stroke symptoms; needed intubation and repeat CT to rule out

bleeding due to worsening neuro symptoms

Chest pain and need to rule out aortic dissection

Neurology delay in calling back

Patient with dementia, unable to give a reliable time of onset

Elevated blood pressure requiring control prior to tPA

Patient initially presented as a drug overdose

Patient presented with a complaint of chest pain initially

Unclear about anticoagulant use (patient with a history of atrial fibrillation)

Patient with waxing/waning symptoms

EMS, emergency medical services; ED, emergency department; INR, international

normalized ratio; CTA, computed chest tomography; CT, computed tomography; tPA, tissue

plasminogen activator.

(P < 0.0001) and arrival by walk-in (P = 0.0095) were statistically

significant. As the weekend shift contains both day and night shifts,

the effect size is close to zero for weekend patients, as the changes

in DTN time by shift type cancel each other out.

As the weekend shift seems to be a flawed grouping of

data (because it groups both night and day shifts together

and the main difference exists between these two groups),

we repeated our linear regression model with the exclusion

of the weekend patients (n = 74, P-value through ANOVA

<0.0001, R2 = 0.36). We found that both arrivals during

the night shift (P < 0.0001) and arrival by walk-in (P =

0.0047) were significantly associated with higher DTN times. The

predictive formula for DTN time, in this case, was: 32.2min,

plus 21.5min if arriving via walk-in, plus 30.8min if arriving via

night shift.

Our second linear regression model, which excluded

patients who arrived on the weekend, was found to have a

much better coefficient of determination in predicting DTN

times. This is not because weekend patients are unique,

but rather a result of the patient grouping in our database.

The effect of weekend vs. weekday is dwarfed by the effect

of day vs. night shift, which were initially both included as

“weekend patients.”

Six patients in our cohort suffered a post-tPA hemorrhage.

While not statistically significant, the median DTN time for those

with a hemorrhage was 44min (IQR 29–74) vs. 40.5min (IQR

30–58) in those who did not have a post-tPA hemorrhage.

We reviewed each of the cases in which there was a prolonged

DTN time. The majority of these cases had to do with not

immediately recognizing that the presentation was an acute stroke.

A disproportionate number of these cases occurred during the

night shift (Table 2).

Discussion

Our study sought to ascertain the factors influencing DTN time

at our mid-sized academic community ED in the Southeastern

United States. The data show that a patient’s DTN time was longer

if they arrived as a walk-in or if they arrived during the night shift.

There are several possible reasons why our data showed a

statistically significantly higher DTN time at night, despite the

stroke protocol for all times of the day being the same.

First, the night shift is inconsistently staffed, with many

nights having no dedicated stroke team covering, so it falls

to the ED team to see all patients including patients with

stroke. ED resident staffing is also decreased at night, with fewer

senior residents, and there is usually a team consisting of one

senior resident and two interns. With fewer helping hands, each

individual has more tasks, and all of these tasks can slow down

the process.

In the National Institute of Neurologic Disorders and Stroke

(NINDS)-funded Florida-Puerto Rico (FL-PR) Collaboration to

Reduce Stroke Disparities (CReSD) Study, researchers also

identified significant differences in DTN time when comparing

regular hours (Monday–Friday, 7:01 a.m.−5:59 p.m.) to off hours

(Monday–Friday 6 p.m.−7 a.m., all day Saturday, all day Sunday,

and government holidays) (5). They observed off-hours DTN

time to be greater than work hours DTN time likely secondary

to increased difficulty obtaining collateral information as well as

fewer stroke specialists and staff at night, during weekends, and on

holidays. They also found statistically significant reducedDTN time

if the patient was brought in by ambulance (5). Walk-in patients do

not have the luxury of giving the ED advance notice.

This mirrors our data, which showed an increased DTN

time if the patient walked into the ED as opposed to arriving

by ambulance. Advanced notice allows the ED personnel and

stroke team to prioritize their tasks in the anticipation of giving

their undivided attention to a stroke patient. Another explanation

for improved DTN time in patients brought by EMS is their

ability to correctly identify patients with possible stroke, thereby

expediting their care. Many prehospital stroke scales exist, with

a sensitivity as high as 85% and a specificity as high as 97%

(10). A county-wide EMS stroke protocol found a Los Angeles

Motor Score of >4 has excellent predictive validity for identifying

patients with large vessel occlusions, resulting in accurate transport

decisions to comprehensive stroke centers where thrombolytics

are administered promptly, often while the patient is on the

way to the angiography suite (11–13). Partnering with one’s EMS

agency results in more expeditious care, including shorter door-

to-physician and door-to-CT time, and greater odds of receiving

thrombolysis (14).

Finally, there may be some lingering bias between walk-

in patients and EMS patients, namely that patients brought in

by ambulance are sicker. Anchoring bias is also very prevalent.

Whichever first working “diagnosis” is made is the one that sticks.

Therefore, for example, if EMS deems the patient to be a “stroke

alert” then stroke protocol in the ED proceeds regardless of any

downstream thoughts of alternative diagnoses. Similarly, if EMS

brings in a decreased level of consciousness patient but labels them

an overdose rather than a stroke, then the natural tendency is

for the ED to proceed down the overdose protocol initially. We

Frontiers inNeurology 04 frontiersin.org

https://doi.org/10.3389/fneur.2023.1126472
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Ganti et al. 10.3389/fneur.2023.1126472

actually did see this exact scenario in our cohort. This results in

a delayed door-to-needle time when the stroke is ultimately found

to be the cause.

Our study did not survey the perspectives of physicians and

other medical staff, but it would be an aspect to explore in

future. While we can only speculate the contributing factors to

the data seen in this study, other areas in which future research is

needed are the assessments of demographics in those who received

thrombolytics, as well as the degree of sickness upon presentation.

If a patient must be stabilized prior to undergoing a CT scan and/or

administering thrombolytics because of blood pressure, airway

compromise, or other condition, this will increase DTN time.

Limitations

This is a single-center study performed in the Southeastern

USA, and thus limited by the population and protocols of this

region. Nevertheless, our findings underscore the importance of

24/7 stroke team presence and the importance of our EMS partners.

Conclusion

Our prospective observational study in a real-world

community emergency department showed that arrival during the

night shift and as a walk-in rather than via ambulance resulted

in a significantly longer DTN time. Contributing factors to these

findings include fewer staff at night and a delay in identifying

patients with acute stroke. Ongoing assessment of local factors that

prolong DTN times is an important way to expedite thrombolytics

for our patients and address quality metrics.
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