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A B S T R A C T   

Objective: Awareness campaigns advise the public to call emergency medical services (EMS) directly in case of 
suspected stroke. We aimed to explore patient and notification characteristics that influence direct EMS notifi-
cation, the time to alert, and the time to treatment. 
Methods: We performed a secondary analysis with data from the PRESTO study, a multi-center prospective 
observational cohort study that included patients with suspected stroke. We used multivariable binary logistic 
regression analyses to assess the association with direct EMS notification and multivariable linear regression 
analyses to assess the association with the onset-to-alert time, onset-to-needle time and onset-to-groin time. 
Results: Of 436 included patients, 208 patients (48%) contacted EMS directly. FAST scores (aOR 1.45 for every 
point increase, 95%CI: 1.14–1.86), alert outside office hours (aOR 1.64 [1.05–2.55]), and onset-to-alert time 
(aOR for every minute less [≤55 min]: 0.96 [0.95–0.97]) were independently associated with direct EMS 
notification. Direct EMS call was independently associated with shorter onset-to-alert times (27 min [54–0.84]) 
and with shorter onset-to-needle times (− 30 min [− 51 to − 10]). The association between direct EMS call and the 
onset-to-groin time was almost similar to the association with onset-to-needle time, though not statistically 
significant (univariable analysis: 23.7 min decrease [− 103.7 to 56.2]). 
Conclusion: More than half of all patients with suspected stroke do not call EMS directly but call their GP instead. 
Patients with higher FAST scores, alert outside office hours, and a rapid alert, more often call EMS directly. 
Patients who call EMS directly are treated with IVT 30 min faster than patients who call the GP first. 
Trial registration number: Netherlands Trial Register: NL7387, (www.trialregister.nl).   

1. Introduction 

The effect of intravenous thrombolytics (IVT) and endovascular 
thrombectomy in patients with ischemic stroke declines strongly with 

increasing time to treatment [1,2]. Direct notification of emergency 
medical services (EMS) by patient or bystanders after onset of stroke 
symptoms helps to facilitate rapid arrival at the hospital and subsequent 
treatment. Over the past years, awareness campaigns have tried to 
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shorten the onset-to-alert times and thereby onset-to-door times of pa-
tients with suspected stroke [3]. We aimed to investigate how often 
patients with suspected stroke call EMS first and to explore factors 
associated with direct EMS notification. Our secondary aim was to 
explore the association of direct EMS call with onset-to-alert-times, 
onset-to-needle times, and onset-to-groin times. 

2. Materials and methods 

We performed a secondary analysis with data from the Prehospital 
triage of patients with suspected stroke (PRESTO) study, a multicenter 
prospective observational cohort study that included patients with sus-
pected stroke transported by two different ambulance services (Rotter-
dam-Rijnmond and Zuid-Holland Zuid) [4,5]. Patients were identified 
and included by paramedics in the field. Inclusion criteria for the 
PRESTO study were new neurological deficit defined as at least one 
point on the Face-Arm-Speech-Time (FAST) test, age 18 years or older, 
and serum blood glucose of at least 2.5 mmol/L. For the current analysis, 
we only included patients who presented at the emergency department 
within six hours after last-seen-well. This was because in the 
Netherlands, patients with suspected stroke who present within six 
hours after last-seen-well are almost always transported by ambulance 
and the proportion of patients who arrive at the emergency department 
with their own transport is negligible. Furthermore, we included only 
patients from the region Zuid-Holland Zuid, because the ambulance 
service in this region consistently noted the type of ambulance request 
(patient, GP or other) in the ambulance call report. 

Region Zuid-Holland Zuid is populated with 480,000 inhabitants in 
an area of 720 square kilometers. In The Netherlands, GP guidelines 
state that an ambulance should be ordered with the highest urgency for 
patients with suspected stroke, if treatment would be possible within 6 h 
[6]. The ambulance should be ordered directly without a prior visit of 
the GP in these cases. In addition, the Dutch population is instructed to 
call EMS directly in patients with a positive FAST test by leaflets, ban-
ners, relevant websites, social media, and advertising on national tele-
vision. For this study, paramedics performed a prehospital assessment 
just before or during transport [5]. Directly after arrival in the hospital, 
National Institutes of Health Stroke Scale (NIHSS) scores were assessed 
by the treating physician. Patient characteristics and data on time 
metrics were collected from ambulance call reports and through hospital 
chart review. The time of the EMS notification and the EMS notifier 
(primarily by patient or bystander, secondarily by GP or GP practice, or 
unknown) was extracted from ambulance call reports. We defined the 
onset-to-alert-time as the time from onset or last-seen-well to EMS 
notification. 

2.1. Statistical analysis 

We used univariable and multivariable binary logistic regression 
analyses to assess the association of patient characteristics with direct 
EMS notification. Variables for the univariable analysis were selected 
based on the clinical assumption of a potential association with direct 
EMS notification (age, sex, systolic blood pressure, medical history, pre- 
existent modified Rankin Scale, FAST score, NIHSS score, alert outside 
office hours and onset-to-alert time). For example, we included blood 
pressure because patients with extremely low or high blood pressure 
might be symptomatic and urge to alert EMS directly. 

Variables with a P value of ≤ 0.15 in the univariable analysis were 
entered into the multivariable analysis. We assessed potential nonline-
arity of continuous variables and the outcome with restricted cubic 
splines. 

We used univariable and multivariable linear regression models to 
assess the association of direct EMS call with the onset-to-alert-time, 
onset-to-needle-time, and onset-to-groin time. Variables for the uni-
variable analysis were selected based on the clinical assumption of a 
potential association with these time intervals (direct call to EMS, age, 

sex, systolic blood pressure, medical history, pre-existent modified 
Rankin Scale (mRS), FAST score, NIHSS score and alert outside office 
hours). We assessed and reported completeness of the data. For the 
regression analyses, missing data of the assessed variables were imputed 
using multiple imputation using additive regression, bootstrapping and 
predictive mean matching based on relevant covariates. All analyses 
were performed with R software (version 3.6.1) and RStudio (version 
1.0.153). 

3. Results 

3.1. Patient characteristics 

Between August 13, 2018, and September 2, 2019, 1334 patients 
were recruited in the PRESTO study, of which 1314 were available for 
the analysis (Supplementary Fig. 1). For this analysis, 878 patients were 
excluded (last-seen-well over six hours: n = 274, age < 18 years: n = 1, 
ambulance service Rotterdam-Rijnmond: n = 543, unknown first med-
ical contact: n = 60). Of 436 included patients, 208 patients (48%) first 
notified EMS and 228 patients (52%) called the GP (Table 1). Median 
age of the included patients was 73 (interquartile range [IQR]: 64–84) 
for patients who called EMS directly and 74 (IQR: 66–84) for patients 
who called the GP first. The majority of patients had a medical history of 
diabetes mellitus, hypertension, or both: 140/208 (67%) of the patients 
who called EMS directly, and 156/228 (68%) of the patients who called 
the GP. Women less often called EMS directly, (84/201 [42%]), 
compared to men (124/235 [53%]). Patients who called EMS directly 
more often had an ischemic stroke due to LVO (32/208, 15%), compared 
to the patients who called the GP (9/228, 4%). Of the 60 patients with 
unknown first medical contact, patient characteristics were not signifi-
cantly different from patients with known first medical contact (sup-
plementary Table 1). 

Table 1 
Patient characteristics, stratified by first medical contact.   

Emergency 
number 
(n = 208) 

General 
practitioner 
(n = 228) 

Age 73 (64–84) 74 (66–84) 
Sex (female) 84 (40%) 117 (51%) 
Systolic blood pressure, mean (SD) 159 ± 27 159 ± 26 
Medical history   
Atrial fibrillation 49 (24%) 31 (14%) 
Hypertension 132 (64%) 150 (66%) 
Hypercholesterolemia 150 (72%) 164 (72%) 
Diabetes Mellitus 51 (25%) 51 (22%) 
Ischemic stroke 67 (32%) 58 (25%) 
Myocardial ischemia 25 (12%) 31 (14%) 
Intracranial hemorrhage 2 (1%) 7 (3%) 
Diabetes Mellitus and/or 

Hypertension 
140 (67%) 156 (68%) 

Pre-existent disability (mRS 3–5) 33 (16%) 48 (21%) 
FAST test (0–3) 2 (1–2) 1 (0–2) 
NIHSS score (0–42) 3 (0–7) 2 (0–5) 
Alert outside office hours 97 (47%) 73 (32%) 
Onset-to-alert time (minutes) 30 (9–75) 77 (34–170) 
Onset-to-needle time (minutes)* 89 (64–141) 119 (95–203) 
Onset-to-groin time (minutes)* 145 (105–225) 185 (127–277) 
Diagnosis   
Ischemic stroke with LVO 32 (15%) 9 (4%) 
Ischemic stroke 79 (38%) 102 (45%) 
Intracranial hemorrhage 16 (8%) 14 (6%) 
Transient ischemic attack 40 (19%) 46 (20%) 
Stroke mimic 41 (20%) 57 (25%) 

Data are median (interquartile range) or n (%), unless otherwise indicated. mRS: 
modified Rankin Scale. FAST: Face-Arm-Speech-Time NIHSS: National Institutes 
of Health Stroke Scale. LVO: large vessel occlusion. *Onset-to-needle-time in 
patients treated with intravenous thrombolysis (n = 139), onset-to-groin time in 
patients treated with endovascular thrombectomy (n = 29). Number of missings: 
Pre-existent disability: 23, NIHSS: 1, onset-to-alert time: 39 
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3.2. Associations with calling EMS directly 

Sex, history of atrial fibrillation, history of ischemic stroke, history of 
intracranial hemorrhage, score on the FAST test, NIHSS, alert outside 
office hours, and onset-to-alert-time were at least weakly associated 
with calling EMS directly (p ≤ 0.15) and were entered in the multivar-
iable logistic regression model (Table 2). Onset-to-alert time was non-
linearly associated with calling EMS directly (p < 0.0001, Fig. 1), this 
remained after adjustment (p < 0.0001). None of the other associations 
with continuous variables were nonlinear. The score on the FAST test 
(adjusted odds ratio [aOR] for every point 1.45, 95% CI: 1.14–1.86), 
alert outside office hours (aOR 1.64, 95% CI: 1.05–2.55), and short 
onset-to-alert time (aOR for every minute ≤55 min: 0.96, 95% CI: 
0.95–0.97) (Fig. 1) were independently associated with calling EMS 
directly. 

3.3. Associations with the onset-to-alert time 

Direct EMS call, history of diabetes mellitus and pre-existent 
disability had a p value ≤ 0.15 and were entered in the multivariable 
linear regression model (Table 3). Direct EMS call was independently 
associated with shorter onset-to-alert times (minus 27 min, 95% CI: − 54 
to − 0.84). A history of diabetes mellitus was independently associated 
with a longer onset-to-alert time (plus 36.6 min, 95% CI: 2.3–70.9). 

3.4. Associations with the onset-to-needle and onset-to-groin time 

Direct EMS call, sex and pre-existent disability had a p value ≤ 0.15 
and were entered in the multivariable linear regression model (Sup-
plementary Table 2). Direct EMS call was independently associated with 
shorter onset-to-needle times (minus 30.3 min, 95% CI: − 51.1 to − 9.6, 
n = 139). Onset-to-needle times were 26.4 (95% CI: − 47.6 to − 5.2) 
minutes shorter for men than for women. Patients with higher pre- 
existent mRS had longer onset-to-needle times (12.6 min for each 
point increase, 95% CI: 3.6–21.6). The difference in onset-to-alert time 
of patients within this subgroup was 65 min (95% CI: 31–142) for 
women, versus 37 min (95% CI: 17–73) for men. 

The association between direct EMS call and the onset-to-groin time 
was almost similar to the association with onset-to-needle time, but not 
statistically significant (univariable analysis: 23.7 min decrease, 95% CI: 
− 103.7 to 56.2, p = 0.55, n = 29). 

4. Discussion 

We found that most patients with suspected stroke do not call EMS 
first after noticing stroke symptoms. Directly calling EMS was observed 
more frequently in patients with higher scores on the FAST test, notifi-
cation outside office hours, and when medical help was sought faster. 
Patients with diabetes mellitus waited longer to alert. Patients who 
called EMS directly were treated with IVT 30 min faster than patients 
who called the GP first. 

In the Netherlands, GPs, also called “family doctors”, are often well 
known to the patient and easily approachable for patients. This could 
explain why patients often contact the GP first. Patients with higher 
FAST scores more often called EMS first, which could be explained by 
the (Dutch) awareness campaigns that focus on FAST symptoms. Be-
sides, even without knowledge of the FAST test, abnormal FAST symp-
toms can easily be recognized and urge patients or bystanders to alert 
the EMS. The NIHSS score was not associated with direct EMS notifi-
cation or the onset-to-alert time. This may seem contradictory to the 
finding that the FAST score was associated with direct EMS call, and 

Table 2 
Factors related to calling the emergency medical services directly, univariable and multivariable logistic regression analysis.   

Univariable analysis - OR (95% CI) p-value Multivariable analysis - OR (95% CI) p-value 

Age (years) 0.99 (0.98–1.01)  0.41  – – 
Sex (male) 1.56 (1.06–2.27)  0.02  1.42 (0.93–2.16) 0.10 
Systolic blood pressure (mmHg) 1.00 (0.99–1.01)  0.95  – – 
History of atrial fibrillation 1.96 (1.19–3.22)  0.008  1.69 (0.97–2.92) 0.06 
History of hypertension 0.90 (0.61–1.34)  0.61  – – 
History of hypercholesterolemia 1.01 (0.66–1.53)  0.97  – – 
History of diabetes mellitus 1.13 (0.72–1.76)  0.60  – – 
History of ischemic stroke 1.39 (0.92 – 2.11)  0.12  1.28 (0.04–1.40) 0.30 
History of myocardial ischemia 0.87 (0.49–1.53)  0.62  – – 
History of intracranial hemorrhage 0.31 (0.06–1.49)  0.14  0.25 (0.04–1.42) 0.11 
Pre-existent modified Rankin Scale (0–5) 0.90 (0.78–1.04)  0.16  – – 
FAST test (0–3) 1.49 (1.23–1.79  < 0.0001  1.45 (1.14–1.86) 0.003 
NIHSS (0–42) 1.02 (1.00–1.06)  0.10  0.99 (0.75–1.17) 0.57 
Alert outside office hours 1.86 (1.26–2.74)  0.002  1.64 (1.05–2.55) 0.03 
Onset-to-alert time minutes 

(<55 min) 
0.96 (0.95–0.98)  < 0.0001  0.96 (0.95–0.97) < 0.0001 

Onset-to-alert time minutes 
(>55 min) 

0.99 (0.99–1.00)  0.28  1.00 (0.99–1.00) 0.22 

OR: odds ratio. CI: Confidence Interval. FAST: Face-Arm-Speech-Time. NIHSS: National Institutes of Health Stroke Scale. Outside office hours was defined as Monday to 
Friday between 17:00 and 08:00, weekends and public holidays. 

Fig. 1. Relation of the onset-to-alert time to the probability to call the emer-
gency number. The relation was assessed with restricted cubic splines, p-like-
lihood ratio test < 0.0001. 
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might be because FAST symptoms are more easily recognized than other 
items of the NIHSS. Outside office hours, EMS are more often called, 
most likely because the GP practice is closed, although there is a regional 
GP on call. The association of shorter onset-to-alert times and alerting 
EMS directly implies that patients who are aware of the urgency to alert, 
call EMS directly. Patients with diabetes mellitus wait longer to alert, 
maybe because they assume they have hypoglycemia or hyperglycemia, 
focus on their glucose levels first and wait for spontaneous improve-
ment. However, this could also be a coincidental finding based on 
multiple testing. 

Few studies have investigated determinants of calling EMS directly, 
but these studies confirm that the GP is often contacted first [7,8]. The 
remarkable finding that even patients with previous stroke do not al-
ways call the EMS, has been described in other studies [8,9]. Another 
Dutch study confirmed that outside office hours, patients more often 
alerted EMS directly [7]. Contrary to the findings of one other study, we 
did not find an association between NIHSS score and direct EMS noti-
fication [8]. However, that study only included patients with ischemic 
stroke or transient ischemic attack, which may have strengthened the 
association. An association with onset-to-alarm time and diabetes has 
not been described previously. However, none of the studies assessed 
onset-to-alert time as continuous variable but as dichotomized variable, 
which might have resulted in the loss of information [9–11]. Further-
more, in the subgroup of patients that were treated with IVT, we 
demonstrated that directly calling EMS resulted in shorter 
onset-to-needle times. Even more remarkable was that women treated 
with IVT had longer onset-to-needle times compared to men. This is 
largely explained by the difference in onset-to-alert time between 
women and men in this subgroup. Unfortunately, our study does not 

provide an explanation why women waited longer to alert. 
The strength of our study is that we included patients with suspected 

stroke who were recruited by paramedics. However, our study has some 
limitations. Most importantly, we restricted to patients who presented 
within 6 h after symptom onset, and all of our patients were transported 
by the ambulance. Therefore, with this study, we cannot draw any 
conclusions regarding decision-making of patients who wait over six 
hours to call for help, or of patients who do not seek help at all. For 
patients that contacted the GP first, we have no information about the 
exact time the GP was alerted, but only the time of the GP notification to 
EMS. Even though GPs are instructed to alert EMS directly, this process 
will be somewhat delayed and resulted in a minor overestimation of the 
onset-to-alert time. Due to the nature of the available data, we needed to 
restrict our study to one region, which is supposed to be less urban 
compared to the other ambulance region. This might have influenced 
our results, as patients from rural areas seem to be more hesitant to call 
EMS [11]. Primary care systems could be differently organized in other 
countries. However, the conclusions from this research are representa-
tive for other countries with a similar primary care system. Finally, we 
had no knowledge regarding potentially contributing factors to the 
notification type or time, such as the level of education, living alone, 
whether the patient or a bystander sought help or the patient’s consid-
erations before notification. This could have provided additional insight 
of determinants to call the EMS directly. 

Older studies showed mass media interventions have limited impact 
on patient decision-making in seeking help [3]. However, these studies 
should be interpreted with care due to (methodological) weaknesses. For 
example, these studies did not use a control group or did not perform a 
before-and-after evaluation [3,11]. A recent French study investigated 
the impact of the ReACT campaign on the number of EMS calls and 
public stroke knowledge in an intervention county and control county 
[12]. This study showed an increase in EMS calls after the imple-
mentation, but no significant increase in symptom knowledge or 
decrease in time from onset-to-alert. Other studies have shown that 
despite knowledge of stroke symptoms, patients often do not recognize 
the urgency to seek help [13,14]. However, a time-series study from the 
United Kingdom showed a significant reduction in delay to seek help in 
patients with severe stroke after the implementation and regular 
recurrence of television campaigns on the FAST test [15]. This effect was 
mostly attributable to an increase in patients directly contacting EMS. 
Unfortunately, this result was not seen in patients with transient 
ischemic attack or minor stroke during the same time period [16]. It 
might be helpful to combine such repetitive media campaigns with more 
direct or individualized education. In our study, most patients with 
suspected stroke had a medical history that warrants follow-up by their 
GP for annual assessment of cardiovascular risk factors. This provides an 
opportunity for systematic education about how to act on cardiovascular 
events in general and stroke in particular. 

5. Conclusion 

More than half of all patients with suspected stroke do not call EMS 
directly but call their GP instead. Patients with higher FAST scores, alert 
outside office hours, and a rapid alert, more often call EMS directly. 
Patients who call EMS directly are treated with IVT 30 min faster than 
patients who call the GP first. 

Statement of Ethics 

This research was conducted in accordance with the World Medical 
Association Declaration of Helsinki. The Institutional Review Board of 
the Erasmus MC University Medical Center Rotterdam has reviewed the 
study protocol and confirmed that the Dutch Medical Research Involving 
Human Subjects Act was not applicable (MEC-2018-1012). Therefore, 
ethical approval was not required. Because this study met the exceptions 
of informed consent regulations (Dutch Agreement on Medical 

Table 3 
Factors related to the onset-to-alarm time, univariable and multivariable linear 
regression analysis.   

Univariable 
analysis - ß 
(95% CI) 

p- 
value 

Multivariable 
analysis - ß (95% 
CI) 

p- 
value 

Direct call to emergency 
service 

-27.4 (− 54.1 to 
− 0.7)  

0.04 -27.0 (− 54.0 to 
− 0.84) 

0.04 

Age (years) 0.3 (− 0.6 to 
1.3)  

0.49 – – 

Sex (male) -4.8 (− 32.9 to 
23.3)  

0.74 – – 

Systolic blood pressure 
(mmHg) 

0.07 (− 0.4 to 
0.6)  

0.77 – – 

History of atrial 
fibrillation 

-5.4 (− 44.4 to 
33.7)  

0.79 – – 

History of hypertension 14.1 (− 15.4 to 
43.7)  

0.35 – – 

History of 
hypercholesterolemia 

17.0 (− 16.6 to 
50.5)  

0.32 – – 

History of diabetes 
mellitus 

39.9 (6.5 – 
73.3)  

0.02 36.6 (2.3 – 70.9) 0.04 

History of ischemic 
stroke 

-15.6 (− 44.6 to 
13.5)  

0.29 – – 

History of myocardial 
ischemia 

0.9 (− 45.0 to 
46.8)  

0.97 – – 

History of intracranial 
hemorrhage 

-20.2 (− 111.4 
to 70.9)  

0.66 – – 

Pre-existent modified 
Rankin Scale (0–5) 

9.0 (− 1.1 to 
19.1)  

0.08 5.2 (− 5.2 to 
15.6) 

0.32 

FAST test (0–3) 3.5 (− 9.9 to 
16.9)  

0.61 – – 

NIHSS (0–42) -0.03 (− 2.1 to 
2.1)  

0.98 – – 

Alert outside office 
hours 

12.4 (− 15.6 to 
40.5)  

0.38 – – 

CI: Confidence Interval. FAST: Face-Arm-Speech-Time. NIHSS: National In-
stitutes of Health Stroke Scale. The reported ß is the coefficient of the analysis 
and indicates the change in onset-to-alert time in minutes for the presence or 
point increase of the assessed variable. Outside office hours was defined as 
Monday to Friday between 17:00 and 08:00, weekends and public holidays. 
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