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Abstract: Background and objectives: To minimize stroke-related deaths and maximize the likelihood
of cerebral reperfusion, medical professionals developed the “code stroke” emergency protocol, which
allows for the prompt evaluation of patients with acute ischemic stroke symptoms in pre-hospital
care and the emergency department (ED). This research will outline our experience in implementing
the stroke code protocol for acute ischemic stroke patients and its impact on door-to-needle time
(DTN) in the ED. Methods: Our study included patients with a “code stroke alert” upon arrival
at the emergency department. The final sample of this study consisted of 258 patients eligible for
intravenous (IV) thrombolysis with an onset-to-door time < 4.5 h. ED admissions were categorized
into two distinct groups: “day shift” (from 8 a.m. to 8 p.m.) (n = 178) and “night shift” (from 8 p.m.
to 8 a.m.) (n = 80) groups. Results: An analysis of ED time targets showed an increased median
during the day shift for onset-to-ED door time of 310 min (IQR, 190–340 min), for door-to-physician
(emergency medicine doctor) time of 5 min (IQR, 3–9 min), for door-to-physician (emergency medicine
doctor) time of 5 min (IQR, 3–9 min), and for door-to-physician (neurologist) time of 7 min (IQR,
5–10 min), also during the day shift. During the night shift, an increased median was found for
door-to-CT time of 21 min (IQR, 16.75–23 min), for door-to-CT results of 40 min (IQR, 38–43 min),
and for door-to-needle time of 57.5 min (IQR, 46.25–60 min). Astonishingly, only 17.83% (n = 46) of
these patients received intravenous thrombolysis, and the proportion of patients with thrombolysis
was significantly higher during the night shift (p = 0.044). A logistic regression analysis considering
the door-to-needle time (minutes) as the dependent variable demonstrated that onset-to-ED time
(p < 0.001) and door-to-physician (emergency medicine physicians) time (p = 0.021) are predictors for
performing thrombolysis in our study. Conclusions: This study identified higher door-to-CT and
door-to-emergency medicine physician times associated with an increased DTN, highlighting further
opportunities to improve acute stroke care in the emergency department. Further, door-to-CT and
door-to-CT results showed statistically significant increases during the night shift.
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1. Introduction

The incidence of acute ischemic stroke (AIS) is similar to the incidence of acute coro-
nary syndromes. Thus, acute ischemic syndromes are responsible for the majority of
cardiovascular-related deaths and, therefore, overall mortality in most countries [1,2]. AIS
represents the second leading cause and a significant reason for disability and related
costs [3]. According to stroke statistical reports from 2015, Romania emerged as the Euro-
pean country with the highest incidences of new strokes and stroke-related fatalities [4].

To increase and optimize the chances of cerebral reperfusion to reduce stroke-related
fatalities, the “code stroke” was created, which is an emergency protocol for the immediate
assessment of patients with suspected cerebrovascular events [5,6]. This protocol aims to
increase the administration of currently available reperfusion therapies for ischemic stroke.
However, only a small percentage of stroke patients received intravenous thrombolysis in
the first 4.5 h after symptom onset. The primary reason for the low rate of administration is
either the delayed arrival of patients at the emergency department [7,8] or the absence of a
dedicated stroke team/unit in most hospitals [9].

Although this information is available, there needs to be more awareness and imple-
mentation of it among medical personnel when it comes to meeting time targets for ED
admissions of AIS patients in hospitals without specialized stroke teams or units. Therefore,
it is crucial to explore ways to increase the rate of rt-PA administration, especially consid-
ering that in Romania, the Romanian Neurology Society board introduced the National
Program of Priority Actions in the Interventional Treatment of Patients with Acute Cerebral
Vascular Accident (PA-CVA) document in 2018 [5], report that the thrombolysis rate is less
than 10% (around 5.4%), with a notable increase in the last five years from 0.8% [9].

For this reason, this study aims to analyze ED time targets and their impact on the
DTN time in the county’s largest hospital, which has a specialist team ready to respond to
a “code stroke alert”.

2. Methods
2.1. Study Population and Inclusion and Exclusion Criteria

We conducted an observational study on patients referred to the Emergency County
Clinical Hospital in Arad, Romania, between 1 January 2020 and 31 December 2023 with
a “Code Stroke Alert”. This hospital has an annual influx of over 70,000 patients, is
the largest hospital in the county, and coordinates residency programs in neurology and
emergency medicine.

Our acute stroke protocol begins with emergency medical services (EMS) personnel
identifying a patient with a “code stroke alert” transported by ambulance or the identifi-
cation of this patient by the triage assistant/emergency physician upon their admission
to the ED. Our prehospital acute stroke screening protocol focuses on dispatchers, and
paramedics must be able to diagnose stroke using simple tools such as the FAST (Face,
Arms, Speech, and Time) indicators, baseline functional status, and current anticoagu-
lants [5]. Immediately after the patient’s admission to the ED, a “code stroke alert” is
announced, and the on-duty neurologist examines the patient together with the emergency
medicine physician. During this study, our institution had 24/7 coverage by a team consist-
ing of a neurologist, an emergency medicine physician, a radiologist, and an emergency
medicine nurse. Moreover, this team could mobilize before the patient’s arrival when the
pre-hospital notification was received. The patient is transported to a designated “stroke
bed” on arrival. The thrombolytic dose is calculated based on the patient’s weight and pre-
pared if the patient qualifies for thrombosis. The patient’s blood is obtained for laboratory
analysis upon admission to the ED, and an intravenous administration of thrombolytics is
performed in the ED if the patient meets the criteria for thrombolysis.
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We analyzed consecutive patients who had complete medical records (both electronic
and paper) and who were labeled with a “code stroke alert” in the emergency department.
Of the initial sample of 345 patients, only 258 patients met the criteria for inclusion and
exclusion in our study (not eligibility criteria for IV thrombolysis). According to the local
protocol, intravenous thrombolysis with rt-PA was initiated within 4.5 h from the onset of
the first symptoms of stroke. Patients below 18 years old, those with an initial diagnosis
of intracerebral hemorrhage or brain tumor, and those who arrived at the emergency
department more than 4.5 h from the onset of stroke symptoms were excluded from
our analysis.

Upon admission, the medical staff recorded the precise moment at which stroke
symptoms first appeared, as well as the mode and time of the patient’s arrival at the ED.
The patients themselves or their family members provided information on when the initial
stroke-related symptoms were, which was noted as the “onset time”. For individuals
who experienced symptoms while sleeping, symptom onset was determined as the last
period when they were stroke-symptom-free. Ten patients with neurological deficits
upon awakening from sleep were considered to have had wake-up strokes. Since it was
impossible to assess the exact time of deficit onset, according to our national protocol, these
patients were not eligible for IV thrombolysis [5]. The arrival time at the ED was defined as
when the patient’s registration was completed at the ED triage office. The onset-to-needle
time was calculated as the interval between symptom onset and when IV thrombolysis was
performed. All time measurements were expressed in minutes.

Our national protocol [5] recommends the following time targets for stroke management:

• Onset-to-needle time ≤ 4.5 h;
• Door-to-physician time ≤ 10 min (an initial evaluation by both emergency medicine

physician and neurologist that includes the time last known to be well, eligibility for
IV thrombolysis, and the evaluation of stroke severity);

• Door-to-CT time ≤ 25 min;
• Door-to-CT results ≤ 45 min;
• Door-to-needle time ≤ 60 min.

To accurately establish the patients’ arrival time in the emergency department, we
utilized the initial registration time at the ED triage office. This allowed us to categorize ED
admissions into two distinct groups: a “day shift” (from 8 a.m. to 8 p.m.) and “night shift”
(from 8 p.m. to 8 a.m.). We categorized the mode of arrival—whether it was through EMS
or if the patient walked or drove in. We chose these two factors (arrival mode and type of
shift) because they are within our realm of influence and have the potential to be modified.

Moreover, by dividing the final sample into two subgroups consisting of 178 patients
during the day shift and 80 patients during the night shift, we aimed to analyze the impact
of various factors and the management time for acute stroke in the ED on the rate of
intravenous rt-PA administration.

As shown in the study flowchart represented in Figure 1, a total of 345 patients with
“code stroke alert” and a symptom onset time of less than 4.5 h were screened in the ED for
eligibility for intravenous reperfusion therapy.

Only patients who satisfied the inclusion and exclusion criteria (n = 258) were selected
in the final sample of this study. Of these patients, 26 received IV thrombolysis during the
day shift; only 20 received IV thrombolysis during the night shift.
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Figure 1. Study flowchart.

2.2. Evaluation of Stroke

Immediately following admission to the emergency department, all patients undergo
a comprehensive medical evaluation which includes a cerebral computed tomography (CT)
scan with or without contrast, as well as a complete blood count, international normalized
ratio (INR), and prothrombin time, partial prothrombin time, blood glucose, and electrolyte
tests. It is important to note that patients without medical data were not included in this
evaluation. In conjunction with the emergency medicine physician and neurologist, the
radiologist collaboratively assessed the stroke’s subtype, severity, and location based on the
brain imaging and clinical examination results according to the stroke definition established
by The World Health Organization in 1970, which is still used today [10].

The neurologist on duty assessed neurological deficits and stroke severity in the first
clinical evaluations of patients in the ED and categorized them using the National Institutes of
Health Stroke Scale (NIHSS) at the following intervals: at admission, 1 h, 2 h, and 24 h [11].

2.3. Ethics

This study was conducted following the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the Arad County Emergency Clinical Hospital (no.
11687/27 March 2024). The collected data were identified before a statistical analysis was
performed. All patients signed the informed consent.

2.4. Statistical Analysis

Mean and standard deviation or median and interquartile range (IQR) values were
used to present continuous variables, while frequencies and percentages were used for
categorical variables. The distribution of continuous variables was assessed using the
Shapiro–Wilk test. Unpaired t-tests or Mann–Whitney U and Chi-square tests were em-
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ployed to compare the characteristics of patients who received thrombolysis and those
who did not. Several multivariate logistic regression models were used to determine the
independent factors associated with the administration of thrombolysis. For the sample
size calculation, we conducted a power analysis test using the GPower3.1 application for
the t-test family—the Wilcoxon–Mann–Whitney test (two groups) with two tails, a normal
parent distribution and 95% power, taking 0.05 as the level of significance and 0.5 as the
effect size.

The results were presented as odds ratios with 95% confidence intervals. A p-value of
less than 0.05 was considered statistically significant. Data analysis was conducted using
JASP v0.18.3 (a free and open-source program for statistical analysis supported by the
University of Amsterdam).

3. Results
3.1. Baseline Characteristics of Patients Who Arrived at the Emergency Department

The final sample included 258 patients eligible for IV thrombolysis who were admitted
to the ED with a stroke alert. The following results were obtained after dividing them
into two subgroups according to their arrival time: those admitted during the day shift
(n = 178) and the night shift (n = 80).

Table 1 shows the patients’ demographic and clinical characteristics according to the
shift type. There were statistically significant differences, with changed values observed
only in terms of lower patient height values in the day shift group (p = 0.004), lower
hemoglobin values in the day shift group (p < 0.001), values of increased INR in the night
shift group (p = 0.039), and a higher prothrombin time in the night shift group (p < 0.001).
(Table 1, Figures 2 and 3A,B).

Figure 2 shows the baseline parameters analyzed in Table 1 which decreased statisti-
cally significantly during the day shift.

Figure 3 shows the baseline parameters analyzed in Table 1 that increased statistically
significantly during the night shift.

J. Pers. Med. 2024, 14, x FOR PEER REVIEW 6 of 14 
 

 

Total Cholesterol, 
mg/DL 

Night 80 191.33 ± 51.35 189.5 (148.75–
230.25) 

INR Day 178 1.53 ± 1.41 1.14 (1.03–1.39) 0.039 * 
Night 80 1.79 ± 1.87 1.25 (1.1–1.44) 

Partial 
thromboplastin 

time, s 

Day 178 29.62 ± 15.72 26.05 (23.5–30.2) 
0.895 

Night 80 28.07 ± 9.23 26.3 (23.98–29.2) 

Prothrombin time, s 
Day 178 16.11 ± 15.98 12.9 (12–14.38) 

<0.001 * 
Night 80 19.38 ± 21.42 14.15 (12.8–15.55) 

* significant difference. SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, Coma 
Glasgow Score; INR, international normalized ratio. Values are expressed as means ± standard de-
viation (SD), by median (interquartile range), or by number (%). 

Figure 2 shows the baseline parameters analyzed in Table 1 which decreased statisti-
cally significantly during the day shift. 

 
Figure 2. Violin plots of the values of the hemoglobin (mg/dL) between the two types of ED shift (p 
< 0.001). The boxplots inside the violin represent the median and interquartile ranges. 

Figure 3 shows the baseline parameters analyzed in Table 1 that increased statistically 
significantly during the night shift. 

  
(A) (B) 

Figure 3. (A) Raincloud plots of INR values between the two types of ED shift (p = 0.039). (B) Rain-
cloud plots of the values of prothrombin time (seconds) between the two types of ED shift (p < 0.001). 

The onset-to-ED door time, the door-to-physician time for both emergency medicine 
and neurology physicians, the door-to-blood test time, the door-to-CT time, the door-to-
CT results, and the door-to-needle time were calculated for the two groups (the ��day 
shift,�� and ��night shift�� groups). The door-to-needle time was similar in all groups (p = 

Figure 2. Violin plots of the values of the hemoglobin (mg/dL) between the two types of ED shift
(p < 0.001). The boxplots inside the violin represent the median and interquartile ranges.



J. Pers. Med. 2024, 14, 596 6 of 14

Table 1. Characteristics of analyzed group according to day shift (n = 178) and night shift (n = 80).

Variable Shift Valid Mean ± SD Median (IQR) p

Physical characteristics

Age, years Day 178 67.29 ± 11.8 68 (61–75)
0.054Night 80 69.83 ± 12.68 71 (64–79)

Height, cm Day 178 171.52 ± 8.3 170 (165–178)
0.004 *Night 80 168.35 ± 7.35 168 (164.5–173.25)

Weight, kg Day 178 77.49 ± 12.45 79 (70–85)
0.157Night 80 75.15 ± 11.85 75 (68.75–81)

SBP, mmHg Day 178 156.56 ± 21.01 160 (140–170)
0.072Night 80 150.88 ± 19.44 150 (135–166.25)

DBP, mmHg Day 178 82.19 ± 13.13 80 (75–90)
0.166Night 80 79.69 ± 12.46 80 (70–90)

GCS
Day 178 13.16 ± 3.36 15 (12–15)

0.269Night 80 12.61 ± 3.9 15 (12–15)

NIHSS at presentation Day 178 14.21 ± 5.34 14 (10–18)
0.331Night 80 14.8 ± 5.78 15 (10.75–19)

Blood test sample results

Platelets count, ×109 µL
Day 178 224.19 ± 70.84 220 (175–254.75)

0.519Night 80 217.15 ± 64.61 218 (170.75–252)

Hemoglobin, mg/dL Day 178 13.74 ± 1.65 14 (13–15)
<0.001 *Night 80 12.75 ± 1.99 13 (12–14)

Blood Glucose, mg/dL Day 178 138.72 ± 48.25 125.5 (104–163.75)
0.925Night 80 138.43 ± 43.78 123 (105–175.25)

Total Cholesterol, mg/dL Day 178 188.93 ± 44.66 187.5 (162.5–220)
0.705Night 80 191.33 ± 51.35 189.5 (148.75–230.25)

INR
Day 178 1.53 ± 1.41 1.14 (1.03–1.39)

0.039 *Night 80 1.79 ± 1.87 1.25 (1.1–1.44)

Partial thromboplastin time, s Day 178 29.62 ± 15.72 26.05 (23.5–30.2)
0.895Night 80 28.07 ± 9.23 26.3 (23.98–29.2)

Prothrombin time, s
Day 178 16.11 ± 15.98 12.9 (12–14.38)

<0.001 *Night 80 19.38 ± 21.42 14.15 (12.8–15.55)

* significant difference. SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, Coma Glasgow Score;
INR, international normalized ratio. Values are expressed as means ± standard deviation (SD), by median
(interquartile range), or by number (%).
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The onset-to-ED door time, the door-to-physician time for both emergency medicine
and neurology physicians, the door-to-blood test time, the door-to-CT time, the door-to-CT
results, and the door-to-needle time were calculated for the two groups (the “day shift”,
and “night shift” groups). The door-to-needle time was similar in all groups (p = 0.533).
The door-to-CT and door-to-CT results were 19 and 39 min for the day shift, respectively,
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and 21 and 40 min for the night shift. The Shapiro–Wilk test confirmed normal distribution
in all groups, and the unpaired t-test revealed statistically significant differences between
the two groups (p= 0.037 and p = 0.02, respectively). The arrival mode in ED, with EMS or
arrival via walk-in, was similar between the two ED shifts. (Table 2).

Table 2. Time targets and arrival mode in the emergency department according to day shift (n = 178)
and night shift (n = 80).

Variable Shift Valid Mean ± SD Median (IQR) p

ED Time Targets (minutes)

Onset-to-ED door time
Day 178 274.27 ± 101.33 310 (190–340)

0.082Night 80 248.25 ± 115.16 300 (127.5–330)
Door-to-physician
time (ED doctor)

Day 178 6.58 ± 5.12 5 (3–9)
0.232Night 80 5.453 ± 3.33 5 (3–8)

Door-to-physician
time(neurologist)

Day 178 8.15 ± 5.18 7 (5–10)
0.468Night 80 7.21 ± 3.02 7 (5–9)

Door-to-blood samples Day 178 8.06 ± 2.44 10 (5–10)
0.411Night 80 7.81 ± 2.62 10 (5–10)

Door-to-CT
Day 178 19.12 ± 8.07 19 (13–22)

0.037 *Night 80 19.85 ± 4.84 21 (16.75–23)

Door-to-CT results
Day 178 38.52 ± 7.76 39 (34.25–42)

0.02 *Night 80 39.84 ± 4.67 40 (38–43)

Door-to-needle time
Day 26 55.19 ± 10.15 57.5 (46.25–60)

0.533Night 20 54 ± 6.41 55 (50–60)

Arrival Mode

Emergency medical services
(EMS)

Day 178 (91) 51.12%
0.894Night 80 (41) 51.25%

Arrival via walk-in
Day 178 (87) 48.87%

0.878Night 80 (39) 48.75%

* significant difference.

The door-to-CT and door-to-CT results times were increased statistically significantly
during the night shift. (Figure 4A,B).
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3.2. Analysis of Administration of Intravenous rt-PA during Day Shift or Night Shift

Three hundred forty-five patients with code stroke alert activations were recorded
between 2020 and 2023, with a total of forty-six patients receiving IV thrombolysis. We also
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noted that in our study, the proportion of patients receiving thrombolysis was significantly
higher during the night shift (p = 0.044) (Table 3).

Table 3. Analysis of IV thrombolysis administration between emergency department across day and
night shifts.

Thrombolysis

Shift No Yes Total

Day Count 152 26 178
% within row 85.393% 14.607% 100.000%

Night Count 60 20 80
% within row 75.000% 25.000% 100.000%

Total
Count 212 46 258
% within row 82.171% 17.829% 100.000%

p = 0.044

3.3. The Analysis of ED Times Targets

A logistic regression analysis considering the door-to-needle time (minutes) as the de-
pendent variable demonstrated that the onset-to-ED time (p < 0.001) and door-to-physician
(emergency medicine physicians) time (p = 0.021) are predictors for performing thromboly-
sis; the shorter the times for these two variables are, the more significantly increased the
chance of thrombolysis is. (Table 4).

Table 4. Logistic regression (using the enter method) considers door-to-needle time as a dependent
variable.

Variables in the Equation B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

Onset-to-ED door (minutes) −0.031 0.005 30.942 1 <0.001 * 0.97 0.959 0.98
Door-to-physician (ED doctor) (minutes) −0.422 0.183 5.328 1 0.021 * 0.655 0.458 0.938
Door-to-neurologist (minutes) 0.289 0.193 2.258 1 0.133 1.336 0.916 1.948
Door-to-blood-samples (minutes) −0.015 0.118 0.015 1 0.902 0.986 0.781 1.243
Door-to-CT (minutes) −0.102 0.067 2.306 1 0.129 0.903 0.793 1.03
Door-to-CT results (minutes) −0.081 0.058 1.901 1 0.168 0.923 0.823 1.035
Constant 9.235 2.225 17.235 1 <0.001 10,250.746

* significant association; Cox and Snell R-Square = 0.44.

Moreover, the dependence of the door-to-needle time (minutes) on the door-to-CT
results (minutes) is significant, direct, and weak (p = 0.010, r = 0.377). (Figure 5).
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4. Discussion

Evidence from previous studies indicates a direct relationship between the importance
of stroke management times and the thrombolysis rate. We can state that patients with
ischemic stroke in the ED are a priority, and compliance with these ED target times is directly
correlated with their outcome and the thrombolysis rate [12–14]. Our study observed
statistically significant differences in the ED time targets for code stroke alert management
times between patients admitted during two ED shifts, a day shift (n = 178) and a night
shift (n = 80). Our results show that admission to the emergency department during the
night shift resulted in longer management times for door-to-CT and door-to-CT results.
However, there was no delay in treatment delivery, with the proportion of patients receiving
thrombolysis significantly higher during the night shift (p = 0.044).

Despite the stroke protocol remaining consistent throughout the day, our data re-
vealed a notable increase in door-to-CT and door-to-CT results during night shift hours.
There are several potential explanations for this finding. Firstly, the fatigue experienced
by the medical staff, including the 24 h on-call neurologist, can lead to longer reaction
times when responding to code stroke alerts. Additionally, the reduced number of senior
radiology residents available during night shifts means that all medical personnel have
a more significant workload, which can contribute to delays in the overall process. Due
to legislation in our country, it is only possible to preregister patients after they arrive in
our jurisdiction. This legislation prohibits the transmission of patient-identifiable informa-
tion by EMS while en route. Another aspect is that our study also covers the COVID-19
period. In recent years, the DTN time has improved significantly in Romania; however, the
COVID-19 pandemic has affected this time measure. In 2017, the average of this time was
67 min, which decreased to 43 min in 2020. Yet, in 2023, it increased again to 60 min. The
declaration of a state of emergency in Romania on 16 March 2020 did not initially affect
the DTN time recorded in our national register for that month. As a result, the challenges
faced by the healthcare system, including EMS and ED staff, over 30 months of disrupted
processes and exhausted medical staff led to longer door-to-needle times. Our national
stroke data analysis reflects this [9]. The improved time during the COVID-19 pandemic
may be because physicians treated AIS as the same emergency as before or because during
that period, the number of patients presenting for all diseases in the ED decreased after
government restrictions, impacting first the door-to-physician (ED doctors) time. During
that time, access and assessments of AIS patients with COVID-19 in the ED followed the
same protocol; the only factor that could interfere with prolonged ED time targets was
the requirement for physicians to wear mandatory personal protective equipment when
monitoring and treating these patients.

Additionally, the health system protocol in our country requires confirmation from
the patient or a witness before registration [5]. Unfortunately, this poses a challenge for
stroke patients who may not be able to identify themselves due to aphasia or impaired
consciousness. As a result, there is often a delay of 10 to 15 min as physicians search
for a witness to identify the patient. CT imaging cannot be ordered as the patient must
still be registered in the electronic entry system. We have been informed that many other
hospitals experience similar delays in which imaging can only be ordered once the patient
is electronically registered (personal communications).

Ganti et al. conducted a study with a similar design to ours, also aiming to identify
what factors in the emergency department impact the door-to-needle time in acute stroke
patients eligible for intravenous thrombolysis and classifying their cohort as either “day
shift” (6 a.m.–6 p.m.) or “night shift” (6 p.m.–6 a.m.) patients. Nearly half of the cohort,
49%, arrived during the daytime; 24% presented during the night shift, and the remaining
27% presented on the weekend. The majority, 85%, were brought to the hospital by EMS,
while 15% of patients walked in. When examining the median DTN time, it was found
that during the day shift, it took approximately 37 min (with an interquartile range of
26–51 and a range of 10–117). On the other hand, during the night shift, the median
DTN time increased to 59 min (with an interquartile range of 39–89 and a range of 34–195).
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Interestingly, when a dedicated stroke team was present, the median DTN time significantly
decreased to 36 min compared to 51 min when no one was available. The median door-to-
CT time was also 24 min (with an interquartile range of 18–31 min). Univariate analyses
revealed that arriving during the night shift (p < 0.0001), arriving as a walk-in (p = 0.0080),
and experiencing a longer time to CT scan (p < 0.0001) were all associated with a longer
DTN time. Conversely, the presence of a dedicated stroke team was associated with a
significantly shorter DTN time (p < 0.0001) [15].

Within this examination of consecutive patients experiencing acute ischemic stroke
and admitted within 4.5 h of symptom onset, a total of 258 individuals were eligible
for thrombolysis. Astonishingly, only 17.83% (n = 46) of these patients received intra-
venous thrombolysis. This highlights the global underutilization of rt-PA administration,
as recent international studies estimate that only 10–20% of eligible patients receive this
treatment [16]. It is worth noting that Romania, according to the PA-CVA document, reports
a mean national rt-PA administration rate lower than 10% (approximately 8.7%), making
our study’s thrombolysis rate comparatively higher [17,18]. Similarly, China reports an
alarmingly low national thrombolysis rate of only 2.4%, with intravenous rt-PA usage at a
mere 1.6% [19].

Among the factors associated with the lack of performing thrombolysis in our study,
no statistically significant correlation was found between the two shifts regarding the mode
of arrival at the ED, whether it was via EMS (p = 0.894) or walk-in (p = 878), or risk factors
such as the presence of high blood glucose (p = 0.925) or low platelets (p = 0.519).

This lack of correlation is consistent with the literature, which reports different dis-
tributions of arrival modes and risk factors between the groups. For example, previ-
ous studies have shown a significant association between arriving during the night shift
(p < 0.0001) and arriving without the emergency medical system (p = 0.0080) [20]. In a
different study, about 18.1% of patients reported arriving at the ED by ambulance, while
most arrived in private cars [21]. We consider the fact that there is no statistically significant
difference in arrival mode types between our day and night shifts a strength of this study
as it allows us to better analyze the impact of ED time targets on the administration of IV
thrombolysis and which ED time is a predictor for an increased DTN time.

Therefore, our data show that for day shifts, medians increased, for an onset-to-ED
door time of 310 min (IQR, 190–340 min), a door-to-physician (emergency medicine doctor)
time of 5 min (IQR, 3–9 min), and a door-to-physician (neurologist) time of 7 min (IQR,
5–10 min). For the night shift, the medians increased for a door-to-CT time of 21 min (IQR,
16.75–23 min), a door-to-CT results time of 40 min (IQR, 38–43 min), and a DTN time of
57.5 min (IQR, 46.25–60 min). Our study’s mean door-to-CT time of 21 min is under the
recommended target of ≤25 min. A much-increased value of door-to-CT time (49.4 min)
was registered in a study from Lebanon [21].

A comprehensive study was conducted over three years on patients diagnosed with
acute stroke in the emergency departments of three Victorian hospitals, and it was found
that out of all patients included, 71% (n = 2509) arrived by ambulance, while the remaining
29% (n = 1039) used private transport. Several factors were found to be significantly
associated with ambulance arrival, including older age (p < 0.001), being born in Australia
(p < 0.001), and speaking English at home (p = 0.003). The study also revealed that arriving
by ambulance was independently linked to receiving prompt stroke care in the emergency
department, coming within 2 h from symptom onset, being treated at an advanced stroke
service center that offers thrombolysis, being triaged specifically for stroke, undergoing
medical assessment within 25 min, and being referred for a CT scan within 45 min [22].

A study based on a project called HASTE (Hurry Acute Stroke Treatment and Evalua-
tion) consisting of three study phases evaluated the effectiveness of four specific strategies
in reducing the DTN time for intravenous alteplase in acute ischemic stroke patients. Em-
ploying a prospective pre- and post-intervention design, the study accounted for each
strategy, secular trends, and patient characteristics. Notably, significant improvements in
door-to-needle times were observed throughout the different phases of HASTE. Phase I
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involved a year-long data collection period and an analysis to assess the existing perfor-
mance of the DTN. In Phase II, which spanned two years, a triage system was implemented
to prioritize severe stroke cases within 4.5 h of onset. This approach aimed to concentrate
the efforts of the stroke team on patients with the highest likelihood of requiring alteplase
despite the high volume of milder or subacute stroke assessments encountered in their busy
ED (with over 1500 stroke service admissions annually). During the HASTE phase III study,
a new protocol was introduced to streamline the process for patients with a code stroke
alert. Instead of being transferred to an ED bed, these patients were taken directly from the
EMS stretcher to the CT scanner. Upon arrival at the emergency department, ED physicians
swiftly evaluated the patient’s medical stability and neurological signs before promptly
transporting the patient to the scanner on the same stretcher. After implementing these
strategies, they observed significant enhancements in the DTN time. The administration of
alteplase in the diagnostic imaging area led to a remarkable 32% reduction in the DTN time.
Similarly, transferring the patient to the diagnostic imaging area using Emergency Medical
Services stretcher resulted in a substantial 30% decrease in the DTN time. Registering the
patient as unknown before their complete identification by family members or an informant
yielded a 12% reduction in the DTN time. Additionally, employing simultaneous notifica-
tion through a group pager for incoming patients with high stroke severity contributed to a
statistically significant decrease in the DTN time of 11% [23].

In our analysis, we conducted a logistic regression to examine the impact of different
ED times on the DTN time. We found that the onset-to-ED (p < 0.001) and door-to-physician
(emergency medicine physician) times were significant predictors for the administration
of thrombolysis. Specifically, we observed that shorter times for these two variables were
associated with a significantly higher likelihood of receiving thrombolysis, as shown in
Table 4. Recent research has indicated a correlation between decreased healthcare profes-
sionals and longer door-to-physician and DTN times [24]. Encouragingly, our findings
revealed that the distribution of the capacity limitations for stroke patients arriving at the
emergency department mirrored what happened in emergency shifts overall. We believe
the factors contributing to the low rate of intravenous thrombolysis in our study are the fol-
lowing: delays during the triage and initial assessment of stroke patients in the emergency
department, as can be observed in the results of our study.

Furthermore, stroke symptoms can sometimes be subtle or mimic other conditions,
and this can be worsened when the initial assessment is conducted by a resident rather
than an ED specialist, leading to a delay in stroke identification and treatment, as we
can note from our observations. It may be beneficial to conduct further investigations to
gain a deeper understanding of how staffing models and the timing of patient arrival in
the ED contribute to delays in stroke care, particularly during periods of increased ED
crowding. Additionally, exploring the reasons behind neurologists’ decisions to not perform
IV thrombolysis in eligible patients admitted to the ED during the time window could
provide valuable insights, considering our research primarily focuses on ED management
and time targets.

The findings of this study have significant implications for medical practice, specif-
ically in raising awareness about the importance of timely intervention for AIS patients
through stroke code alerts. By analyzing ED time targets, this study has the potential
to enhance acute stroke management in countries like Romania, where stroke incidence
and mortality rates are alarmingly high. By identifying areas for improvement, we can
optimize emergency department protocols and make a positive impact on stroke care not
only nationally but also internationally. It is worth noting that this study examined the time
window for AIS treatment and identified weaknesses that can be addressed to improve
the thrombolysis procedure during emergency department management. So, we believe
that the implementation of a process to bring the patient directly to the CT scanner from
the emergency medical services stretcher or to start IV thrombolysis at the CT scanner are
changes that can be implemented to shorten door-to-needle times and thereby increase
reperfusion therapy rates as well as patient outcomes.
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5. Study Limitations

It is essential to acknowledge the limitations of this study. While we conducted a
retrospective analysis and obtained all timing information from patient medical records,
there is still a possibility of unmeasured factors influencing our estimates. Despite our
efforts to control for known variables associated with the DTN time, other potentially
confounding variables may exist. We did not specifically investigate individual patient
reasons for outliers, such as cases in which the stroke initially appeared mild but later
worsened. However, a previous study conducted by our team, which focused on an
emergency department located 3.5 km away from a thrombolysis hospital with a neurology
department, did not find any significant statistical differences regarding ED time targets
between patients who received thrombolysis and those who did not [12].

Further research will be required to address the predictors for the DTN time and
understand the generalizability of our study’s results. This study was conducted in a high-
volume academic center, and we anticipate that future studies will need to be carried out in
different centers with varying acute stroke protocols. It is crucial to investigate why specific
interventions were not implemented by documenting the reasons behind their omission.
Although we did not collect data on stroke mimics or risk factors related to performed IV
thrombolysis or a lack of IV thrombolysis, previous research suggests that only reducing
the DTN time does lower the risk of complications [25]. It is important to note that specific
changes may vary depending on hospital policies and structures. However, the impact of
meeting or shortening these time targets can be assessed in other hospitals to determine
their effect on the DTN time. Unfortunately, we could not analyze whether the same level
of attention was consistently given to patients with code stroke alerts during different shifts
or if they burdened the stroke team and CT or ED resources excessively. Nevertheless, it is
crucial to assess the capacity of stroke programs in other centers based on their available
resources. However, it is essential to remember that we did not include in this study
patients in whom mechanical thrombectomy could probably have been performed after
exceeding the 4.5 h target for IV thrombolysis [5] or patients with wake-up stroke due to the
impossibility of performing a neuroimaging assessment using advanced techniques such
as CT perfusion (CTP), which is available in only one hospital in Romania, or magnetic
resonance imaging (MRI), which is not available for acute stroke.

6. Conclusions

This study identified higher door-to-CT and door-to-emergency medicine physician
times associated with an increased DTN time. Further, door-to-CT and door-to-CT results
times showed statistically significant increases during the night shift. These findings need
to be considered when conducting quality improvements of hospital acute stroke protocols
as they represent factors that can be addressed operationally.
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