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Abstract: Background: Despite recent advances in acute stroke care, only 1-8% of patients can receive
reperfusion therapies, mainly because of prehospital delay (PHD). Objective: This study aimed
to identify factors associated with PHD from the onset of acute stroke symptoms until arrival at
the hospital. Methods: A cross-sectional study was conducted including all patients consecutively
admitted with stroke symptoms to Burgos University Hospital (Burgos, Spain). Socio-demographic,
clinical, behavioral, cognitive, and contextualized characteristics were recorded, and their possible
associations with PHD were studied using univariate and multivariable regression analyses. Results:
The median PHD of 322 patients was 138.50 min. The following factors decreased the PHD and
time until reperfusion treatment where applicable: asking for help immediately after the onset of
symptoms (OR 10.36; 95% confidence interval (CI) 4.47-23.99), onset of stroke during the daytime
(OR 7.73; 95% CI1 3.09-19.34) and the weekend (OR 2.64; 95% CI 1.19-5.85), occurrence of stroke outside
the home (OR 7.09; 95% CI 1.97-25.55), using a prenotification system (OR 6.46; 95% CI 1.71-8.39),
patient’s perception of being unable to control symptoms without assistance (OR 5.14; 95% CI
2.60-10.16), previous knowledge of stroke as a medical emergency (OR 3.20; 95% CI 1.38-7.40), call to
emergency medical services as the first medical contact (OR 2.77; 95% CI 1.32-5.88), speech/language
difficulties experienced by the patient (OR 2.21; 95% CI 1.16—4.36), and the identification of stroke
symptoms by the patient (OR 1.98; 95% CI 1.03-3.82). Conclusions: The interval between the onset
of symptoms and arrival at the hospital depends on certain contextual, cognitive, and behavioral
factors, all of which should be considered when planning future public awareness campaigns.
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1. Introduction

Stroke is one of the most frequent causes of mortality, dependency, and disability among adults
worldwide, leading to high economic costs for the patients, their families, and health services [1-3].

Despite recent advances in acute stroke care that can improve clinical outcomes [4,5], only 1-8%
of patients can reach the hospital for reperfusion therapies [6-8], which is far from the minimum
expected to decrease the effect of stroke at the population level significantly [9]. The term “time is
brain” emphasizes the importance of the time in nervous tissue damage in acute stroke. The interval
between the onset of symptoms and the arrival at the hospital greatly influences the treatment efficacy
and the final prognosis of the patient [10]. Most of the studies on prehospital delay (PHD) have focused
on the identification of the socio-demographic, clinical, and contextual characteristics of patients who
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choose not to seek immediate treatment [11-14]. However, the PHD can also be affected by other
behavioral and cognitive factors and features that have hardly been studied [15].

This study aimed to identify socio-demographic, clinical, behavioral, cognitive, and contextual
factors that influence the early arrival of patients with acute stroke at the hospital.

2. Methods

This one-year cross-sectional prospective study, part of a larger project on PHD, stroke awareness,
and treatment, was conducted at the Neurological Department, Burgos University Hospital, a large-scale
tertiary care center in north Spain, with a well-established intravenous thrombolysis program and
stroke unit. Emergency medical service (EMS) was provided by the regional Emergency Medical
Dispatch Centers, which responded to the European phone number (112) and used validated and
standardized protocols for stroke screening [10]. No public awareness campaigns on stroke took place
before or during the study period.

The study included patients of both sexes, aged >18 years, who were consecutively admitted
to the emergency department (ED) during the first year, within 12 h after the onset of acute stroke.
The diagnosis of stroke was as per the definition of the World Health Organization, and cerebral
infarction based on neuroimaging (computed tomography (CT) or magnetic resonance imaging) results
was differentiated from intraparenchymal hemorrhage [10]. Exclusion criteria for patients included
the following: in-hospital stroke, episodes in which diagnostic workup was inconclusive or showed
probable causes other than stroke, time of symptom onset was unknown, inability to communicate
data directly because of speech or cognitive deficits, no follow-up in the first hours of admission,
and refusal to provide informed consent. In the case of recurrent strokes during the study period, only
the first event was included. The data were obtained without any prespecified hypotheses, and the
sample size was not previously determined.

Patients were informed of the purpose of the study and invited to participate. In case of acceptance,
they were asked to sign the informed consent. Patients answered a structured questionnaire for
15-20 min in a face-to-face interview within 72 h of admission to minimize in-hospital stroke education
and information loss. The medical records were reviewed to obtain complete data, confirmed by
participants. The study was approved by the Institutional Review Board (IRB 1479).

The primary outcome was PHD, the time in minutes from the onset of symptoms to the arrival at
the hospital. The time of stroke onset was the moment when the patient or a witness first noticed a
neurological deficit. The time of arrival was the earliest time routinely documented in the electronic
medical record of the ED. The PHD was divided into two subperiods: the initial part or decision delay
(DD), i.e., the interval between the symptom onset and first contact to ask for help depending on the
patient, and the final part or transport delay (TD), i.e., the interval from the request for assistance to
arrival at the hospital.

Five domains were evaluated: socio-demographic features, clinical characteristics, behavioral
response to symptoms, cognitive response to symptoms, and the context in which the stroke occurred.
Stroke severity was assessed during admission using the “National Institute of Health Stroke Scale”
(NIHSS) [16], representing the condition as mild to moderate (<16) or severe (>16); if no score was
documented, it was calculated retrospectively by reviewing the chart of the patient’s documented
neurologic examination on hospital arrival. The degree of disability was previously assessed using
the “modified Rankin scale,” representing the condition as independent (<2) and dependent (>2).
The COPE-28 questionnaire, a situational version, was used to determine the type of coping strategy [17].
The level of self-perceived seriousness and anxiety was assessed using a five-point Likert scale.
The previous knowledge of stroke was determined by at least two signs or symptoms and two risk
factors; the three possible responses, of which only one was correct, were proposed to evaluate the
response to a possible case. The date of onset was categorized into working days (Monday to Friday)
and weekends (Saturday, Sunday, and official holidays); the time of onset was divided into morning
(06:00-14:00), afternoon (14:00-22:00), and night (22:00-06:00). The terms rural and urban were defined
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as the region outside or within the boundary of the city where the hospital was located, respectively.
The mode of transport was classified as an ambulance or others.

PHD was not normally distributed; therefore, for descriptive statistics, the median values and
interquartile range (IQR) were calculated. The association between PHD and possible explanatory
variables was assessed using either the Mann-Whitney U-test or the Kruskal-Wallis test. A forward
stepwise multivariable regression analysis and binary logistic regression analysis adjusted by sex
and age were performed to identify possible predictive factors for PHD greater or lesser than 210 or
360 min, in which those variables with a p-value of <0.20 in the univariate analysis or those considered
particularly relevant in the literature were included. The cutoff of 210 and 360 min was selected as per
the time window for intravenous thrombolytic therapy, assuming an additional hour of intra-hospital
delay, which would in no case exceed 270 min and for mechanical thrombectomy without CT perfusion,
respectively [10]. A p-value of <0.05 was considered statistically significant. The statistical analysis was
performed using the SPSS statistical software package Version 24.0 (IBM SPSS Inc, Chicago, IL, USA).

3. Results

Of the 583 eligible patients, 261 were excluded for the following reasons: arrived 12 h after
stroke onset (n = 136), the stroke onset time was unknown (n = 53), no ischemic stroke on final
diagnosis (n = 18), in-hospital stroke (n = 21), recurrent stroke (n = 19), no possibility of follow-up
(n = 8), and inability to communicate data (n = 6). The characteristics of this group were similar to the
322 patients included in the study with respect to age and gender.

For all patients, the median PHD was 138.50 (IQR 74-328) min. The median PHD was even shorter
when the patient was transported by EMS to the hospital (median 128.00 min; IQR 71-268 min). If the
patients were classified by PHD, more than three-fifths of patients (62.42%) arrived at the hospital
in the first 210 min after symptom onset, 15.53% within 210-360 min, and one-fifth (22.05%) took
more than 360 min. The median DD and TD were 60.00 (IQR 10-240) min and 56.50 (IQR 35-91) min,
respectively. The median TD among the 221 patients who used the EMS was 47.00 (IQR 33-74) min,
which was divided into four consecutive intervals: EMS activation delay (median 5.00 (IQR 5-28) min),
EMS arrival delay (median 10.00 (IQR 7-16) min), EMS delay on scene (median 15.00 (IQR 10-23) min),
and patient transport delay from the scene to hospital by EMS (median 13.00 (IQR 9-38) min) (Figure 1).
Considering the maximum time limits [10], 33.23% of patients had a DD of <15 min, 36.64% had a TD
of <45 min, and 62.42% had a PHD of <210 min.
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Figure 1. Time to arrival at the hospital segregated by landmarks.

Tables 1-5 show the frequencies and the univariate analysis of PHD stratified by the
socio-demographic, clinical, behavioral, cognitive, and contextual characteristics of the patients.
No socio-demographic or clinical factor, except speech/language alteration and headache, had a
significant effect on the median time from the symptom onset to hospital admission. However, most
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of the factors in the cognitive or contextual domains were associated with significant differences in
median PHD. A shorter time interval between symptom onset and arrival at the hospital was associated
with the following: asking for help as the first response after the onset of symptoms, activating EMS
as the first medical contact, attributing symptoms to a possible stroke, self-perceiving the situation
as serious, high anxiety level, previous knowledge of stroke, knowledge of risk factors or mode of
action, being accompanied, symptom onset during the daytime (06:00-22:00 h) or in an urban area,
arriving at the hospital in an ambulance, or activating the prehospital stroke code. However, the longer
time interval was associated with the following: thinking that the situation could be self-managed or
symptoms would improve spontaneously and being alone at home.

Table 1. Time from symptom onset to hospital arrival by socio-demographic factors.

. . PHD, Minutes
-D hic F % 4 -Val
Socio-Demographic Factors n (%) Median (IQR) p-Value
Age:
<75 118 (36.65) 126 (73-272) 0.334
>75 204 (63.35) 148 (75-356)
Sex:
Male 181 (56.21) 133 (79-293) 0.839
Female 141 (43.79) 152 (65-359)
Marital status:
Married 146 (45.34) 132.5 (84-272) 0.804
Not married at the moment 176 (54.66) 150 (70-344)
Educational level:
No or primary study 211 (65.53) 142 (75-327) 0.819
Secondary or higher study 111 (34.47) 129 (72-335)
Average annual income:
<€20.000 239 (74.22) 140 (75-327) 0.753
>€20.000 83 (25.78) 128 (70-335)
Living arrangements:
Alone 70 (21.74) 190 (64-401) 0.511
With others 252 (78.26) 133 (75-299)

PHD: prehospital delay; IQR: interquartile range.

Table 2. Time from symptom onset to hospital arrival by clinical factors.

PHD, Minutes

Clinical Factors n (%) Median (IQR) p-Value
Arterial hypertension
Yes 225 (69.88) 139 (75-332) 0.754
No 97 (30.12) 136 (73-305)
Diabetes mellitus
Yes 80 (24.84) 129.5 (70-310) 0.904
No 242 (75.16) 139 (74-335)
Dyslipidemia
Yes 158 (49.07) 129 (84-359) 0.754
No 164 (50.93) 151 (69-299)
Overweight/obesity
Yes 214 (66.46) 132.5 (75-327) 0.817
No 108 (33.54) 168 (70-333)
Cardiovascular disease
Yes 159 (49.38) 138 (75-359) 0.937
No 163 (50.62) 142 (74-309)
Atrial fibrillation
Yes 101 (31.37) 130 (69-374) 0.387
No 221 (68.63) 150 (80-305)

Previous stroke
Yes 73 (22.67) 115 (65-245) 0.078
No 249 (77.33) 146 (79-356)
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Table 2. Cont.

PHD, Minutes

Clinical Factors n (%) Median (IQR) p-Value
Family history of stroke
Yes 114 (35.40) 148 (85-350) 0.210
No 208 (64.60) 132.5 (70-322)
Active smoker
Yes 52 (16.15) 130.5 (72-393) 0.864
No 270 (83.85) 140 (75-311)
Alcohol consumption
Yes 147 (45.65) 136 (80-335) 0.702
No 175 (54.35) 140 (70-294)
Physical activity
>3 days per week 148 (45,96) 136 (78-335) 0.648
<3 days per week 174 (54,04) 139 (71-295)
Motor symptoms
Yes 215 (66.77) 129 (67-294) 0.151
No 107 (33.23) 156 (95-336)
Sensitive symptoms
Yes 37 (11.49) 133 (68-399) 0.718
No 285 (88.51) 139 (75-314)
Speech/language disturbance
Yes 207 (64.29) 120 (67-249) 0.001
No 115 (35.71) 197 (92-411)
Alteration of consciousness
Yes 37 (11.49) 167 (74-342) 0.533
No 285 (88.51) 133 (74-323)
Alteration of vision
Yes 31 (9.63) 118 (61-286) 0.319
No 291 (90.37) 139 (75-335)
Dizziness/instability
Yes 72 (22.36) 134.5 (83-435) 0.182
No 250 (77.64) 139.5 (69-281)
Headache
Yes 41 (12.73) 170 (102-486) 0.035
No 281 (87.27) 133 (70-297)
Previous similar symptoms
Yes 82 (25,47) 125.5 (65-628) 0.200
No 240 (74.53) 145 (78-345)
Onset mode of symptoms
Gradual/stepwise 36 (11.19) 190.5 (104-381) 0.083
Sudden 286 (88.81) 133.5 (16-718)
Type of stroke
Ischemic 278 (86.34) 135 (73-328) 0.513
Hemorrhagic 44 (13.66) 158.5 (84-360)
Affected cerebral hemisphere
Right 121 (37.58) 144 (71-331) 0.921
Left 182 (56.52) 133 (75-333)
Bilateral 19 (5.90) 184 (75-286)
Stroke severity
NIHSS < 16 267 (82.92) 144 (74-335) 0.446
NIHSS > 16 55 (17.08) 111 (75-272)
Previous level of dependence
mRS > 2 246 (76.40) 141 (74-328) 0.826
mRS <2 76 (23.60) 135.5 (72-342)

50f12

PHD: prehospital delay; IQR: interquartile range; NIHSS: National Institute of Health Stroke Scale; mRS: modified

Rankin scale.

In the multivariable regression analysis, the following factors were significantly associated with a
PHD of <210 min: asking for help immediately after symptom onset by the patient (OR 10.36; 95%
confidence interval (CI) 4.47-23.99), stroke onset during the daytime (OR 7.73; 95% CI 3.09-19.34),
using a prenotification system (stroke code; OR 4.54; 95% CI 1.77-11.64), patient’s perception of
controlling symptoms without any assistance (OR 4.14; 95% CI 1.70-10.07), stroke occurrence outside
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the home (OR 3.03; 95% CI 1.22-7.55), calling EMS as the first medical contact (OR 2.77; 95% CI
1.32-5.88), and patient experienced speech/language difficulties (OR 2.21; 95% CI 1.16—4.36). When the
repeated analysis was performed with early arrival defined as a PHD of <360 min, several results were
consistent with those obtained for a PHD of <210 min. The previous knowledge of stroke as a medical
emergency (OR 3.20; 95% CI 1.38-8.40), stroke onset during the weekends (OR 2.64; 95% CI 1.59-2.85),
and identification of stroke symptoms by the patients (OR 1.98; 95% CI 1.03-3.82) were all associated
with an increased likelihood of arriving at the hospital with a PHD of <360 min (Table 6).

Table 3. Time from symptom onset to the hospital arrival by behavioral factors.

Behavioral Factors n (%) Il;i]z; i\:l(rllg[i? p-Value
Type of coping
Active 123 (38.20) 140 (75-273) 0.651
Passive 199 (61.80) 136 (72-359)
First response after onset of symptoms:
Asked for help 188 (58.39) 91.5 (56-135) <0.001
Did not ask for help 134 (41.61) 289.5 (198-458)
First medical contact
EMS 143 (44.41) 106 (58-232) <0.001
PCP 92 (28.57) 198 (110-382)
Hospital 87 (27.02) 150 (72-397)
Previous use of EMS:
Yes 186 (57.76) 132.5 (70-335) 0.714
No 136 (42.24) 141 (80-307)

PHD: prehospital delay; IQR: interquartile range; EMS: emergency medical service; PCP: primary care physician.

Table 4. Time from the symptom onset to hospital arrival by cognitive factors.

Cognitive Factors 1 (%) I;/I[i]z;al\:l(r;ai)s p-Value
Symptoms attributed:
Possibly stroke 82 (25.47) 95.5 (55-138) <0.001
Possibly not stroke 240 (74.53) 195.5 (91-389)
Self-perceived level of seriousness:
Not serious (1-3) 259 (80.43) 169 (85-376) <0.001
Serious (4-5) 63 (19.57) 98 (53-152)
Anxiety level:
Low (1-3) 216 (67.07) 185 (83-389) <0.001
High (4-5) 106 (32.93) 108 (65-193)
Thought, the situation could be self-managed:
Yes 80 (24.85) 359 (247-537) <0.001
No 242 (75.15) 106 (63-195)
Thought, symptoms would improve:
Yes 95 (29.50) 329 (193-485) <0.001
No 227 (70.50) 106 (63-199)
Previous knowledge of stroke:
Yes 179 (55.59) 125 (71-265) 0.009
No 143 (44.41) 184 (84-425)
Previous knowledge of stroke risk factors:
Yes 168 (52.17) 125 (67-266) 0.011
No 154 (47.83) 184 (86—401)
Previous knowledge of acting after a stroke:
Yes 112 (34.78) 76 (50-151) <0.001
No 210 (65.22) 196.5 (106-421)

PHD: prehospital delay; IQR: interquartile range.
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Table 5. Time from symptom onset to hospital arrival by contextual factors.

PHD, Minutes
o, 4 -
Contextual Factors n (%) Median (IOR) p-Value
Person who recognized symptoms:
Patient 204 (63.35) 128 (71-296) 0.057
Witness 118 (36.65) 180 (83-397)
Person who requested assistance:
Patient 175 (54.35) 150 (75-376) 0.140
Witness 147 (45.65) 125 (71-267)
Situation in which found:
Alone 88 (27.33) 257.5 (117-446) <0.001
Accompanied 234 (72.67) 115 (65-250)
Time of day:
Morning (06:00-14:00) 152 (47.20) 146.5 (72-335) <0.001
Afternoon (14:00-22:00) 122 (37.89) 110 (65-210)
Night (22:00-08:00) 48 (14.91) 289 (112-650)
Type of day:
Working day 219 (68.01) 142 (80-390) 0.093
Weekend 103 (31.99) 132 (67-251)
Onset of symptoms at:
Home 244 (75.76) 184 (91-396) <0.001
Other localization 78 (24.24) 92.5 (55-104)
Area:
Urban 191 (59.32) 116 (56-359) 0.005
Rural 131 (40.68) 152 (105-309)
Mode of arrival:
Ambulance 221 (68.63) 128 (71-268) 0.046
Others 101 (31.37) 184 (86—404)
Prehospital stroke code activated
Yes 84 (26.09) 87 (58-135) <0.001
No 238 (73.91) 196.5 (95-400)

PHD: prehospital delay; IQR: interquartile range; EMS: emergency medical service.

Table 6. Multivariable regression analysis of independent predictors of delay <210 min and <360 min
from the symptom onset to hospital arrival.

PHD < 210 min PHD < 360 min
Factors
OR? (95% CI) p-Value OR (95% CI) p-Value
Speech/language disturbance: Yes 2.21 (1.16-4.36) 0.023 - -

First response after onset of symptoms: Asked for help ~ 10.36 (4.47-23.99) <0.001

Symptoms attributed: Possibly stroke - - 1.98 (1.03-3.82) 0.041
Thought the situation could be self-managed: No 4.14 (1.70-10.07) 0.002 5.14 (2.60-10.16) <0.001
Previous knowledge of acting after a stroke: Yes - - 3.20 (1.38-7.40) 0.007
Time of day: Day (08:00-22:00) 7.73 (3.09-19.34) <0.001 3.79 (1.71-8.39) 0.001
Type of day: Weekend - 2.64 (1.19-5.85) 0.017
Onset of symptoms at home: No 3.03 (1.22-7.55) 0.017 7.09 (1.97-25.55) 0.003

First medical contact: EMS 2.77 (1.32-5.88) 0.008 -
Prehospital stroke code activated: Yes 4.54 (1.77-11.64) 0.002 6.46 (1.71-24.42) 0.006

PHD: prehospital delay; OR: odds ratio; CI: confidence interval, EMS: emergency medical service. * Odds ratio
greater than 1 indicates a positive association with delay <210 and <360 min.

4. Discussion

The obtained median PHD after the onset of symptoms was lesser than that obtained by other
studies [12,15,18-20]. No differences were observed between the median DD and TD. The cutoff
time used in some studies for patients to reach hospital was 24 or 48 h or other periods [11,12,21,22];
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however, we selected 12 has the cutoff time, as the patients are more likely to have thrombolysis or
thrombectomy [23]. Therefore, the median delay data must be interpreted with caution. During the
first 12 h, three-times more stroke patients arrived at the hospital when considered up to seven days,
which is 14-fold longer interval.

Treating stroke early can reduce in-hospital delay and TD, which is not dependent on the patient,
but on motivated professionals [24]. Moreover, earlier treatment can be obtained by improving the DD,
the first link in the "stroke chain of survival." However, reducing DD is most difficult because patients
with variable knowledge of their disease, who may suffer an unexpected stroke, can themselves reduce
their ability to recognize it and request assistance [25].

Socio-demographic and clinical factors are nonmodifiable and have been previously reported to
be associated with PHD, although conflicting and inconclusive results have been obtained in some
studies [15,18,20-22]. In this study, speech/language disorder was the only factor independently
associated with a PHD of <210 min (OR 2.21; 95% CI 1.16-4.36). Aphasia may be one of the most
alarming symptoms and, therefore, may favor an earlier request for help, resulting in a shorter
delay [13,18,26,27].

Behavioral and cognitive factors are associated with the patients and therefore can prolong or
reduce the PHD. These factors have not been studied previously in association with stroke delay and
therefore require further examination.

Three-fifths of patients asked for help on the onset of symptoms in the first hour. The time to seek
medical attention represented 51.50% of the PHD, similar to other studies [12,18]. If the early request
for help was considered (DD <15 min) [12], only one-third of patients arrived at the hospital on time
for thrombolysis. The likelihood of reaching hospital with a PHD of < 210 min was 10-times higher in
patients who asked for help (OR 10.36; 95% CI 4.47-23.99), increasing to 17-fold if the patient did so
within the first 15 min. The three main factors influencing the decision to seek help were the following:
identifying the symptoms (p < 0.001), maintaining a sense of normality (p < 0.001), and the presence and
influence of another person (p < 0.001); these results are consistent with those of previous studies [28].
In addition, stroke symptoms affect a patient’s ability to seek help; therefore, a longer delay in PHD
may be noted for a considerable number of patients. Consistent with clinical practice, when the EMS
was the first medical contact after symptom onset, the likelihood of arriving on time for thrombolysis
was higher (OR 2.77; 95% CI 1.32-5.88), reducing the intra-hospital time by advancing some actions.
Patients who activated the EMS had more serious stroke (p < 0.001). Moreover, 44.41% patients called
EMS as the first medical contact, which is consistent with other studies [18,22,29], with 71.33% arriving
within 210 min and 83.92% within 360 min. The lack of knowledge of the role of EMS in acute stroke
may be a cause for its low use. Reaching the hospital by ambulance was also associated with a shorter
PHD; however, its influence decreased after analyzing other factors. This difference may be because
of the previous contact with EMS in two-thirds of patients transported by ambulance to the hospital.
Therefore, despite using any means of transport, PHD was greatly influenced by the first medical
contact, thus increasing the use of ambulance to reach the hospital.

Patients’ interpretation of symptoms was also crucial: when they thought the situation could not
be self-managed, the PHD decreased to 253 min (OR 5.14; 95% CI 2.60-10.16). The PHD of patients with
a generally proactive attitude was not shorter because they believed they could control the situation
without any assistance or the symptoms would spontaneously improve [15,20,29,30]. It is unlikely
that stroke-induced anosognosia is responsible for underestimating the disease because the right
hemisphere strokes were not associated with a higher PHD (p = 0.859). Patients who recognized initial
symptoms as stroke arrived at the hospital on time for thrombectomy without advanced neuroimaging
compared with those who attributed the symptoms to other pathologies (OR 1.98; 95% CI 1.03-3.82).
However, only 73.17% of patients recognized their symptoms as a stroke and went to the hospital
or called the EMS. In line with several other studies, having had a stroke or similar symptoms was
associated with better recognition of the acute event [18,22]. Internalizing how the patients perceive a
stroke can improve its detection. Despite patients having knowledge of at least two symptoms or two
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risk factors in more than half of all cases, only 25.47% were able to identify the symptoms during its
onset. Previous knowledge of responding after a stroke was associated with on-time arrival at the
hospital for thrombectomy without advanced neuroimaging (OR 3.20; 95% CI 1.38-7.40). When the
patients having prior experience of stroke were asked about what they had done previously on the
onset of symptoms, 77 patients (78.57%) reported having gone to the hospital directly or having called
the EMS (p = 0.038) [21,22,31]. Despite having a low level of previous knowledge (34.78%), the findings
highlight the ability of patients to translate the knowledge automatically into action [32]. A history of
previous strokes can improve knowledge, but not behavior, indicating the complexity of the challenge.
The awareness of stroke symptoms and risk factors can decrease the PHD; however, it is not enough
because its influence disappears when analyzed together with other factors. More use of existing
devices that facilitate the request for assistance or novel ones that detect stroke and automatically issue
an alert can reduce PHD.

Other factors influence the PHD depending on how and when the stroke occurred. In line with
other studies, an association between stroke occurring outside the home and early arrival at the hospital
was observed (OR 3.03; 95% CI 1.22-7.55; OR 7.09; 95% CI 1.95-25.55). When the stroke occurs in
public places, symptom onset is more likely witnessed by family members, friends, or bystanders
who often take a more active approach and request medical assistance quickly [33]. Patients having
a stroke during the daytime (06:00-22:00) were admitted earlier than those having one during the
nighttime (22:00-06:00) (OR 7.73; 95% CI 3.09-19.34) because it is difficult to recognize at night at home
and patients often wait to recover spontaneously [26,27,34,35]. Moreover, there is a possibility that
patients are alone at home and unable to ask for assistance. However, some studies showed that stroke
symptoms appearing either during the nighttime or daytime do not have a statistically significant
association with PHD [11,15]. Stroke onset during the weekend increased the likelihood of early
hospitalization in time for thrombectomy with no advanced neuroimaging (OR 2.64; 95% CI 1.19-5.85).
Moreover, the unavailability of the primary care physician on the weekend may prompt patients to
go directly to the hospital ED to avoid delays [18,27]; this should be promoted. If the prehospital
recognition and transfer protocol (stroke code) were activated, patients arrived at the hospital sooner
(OR 6.46; 95% CI 1.71-24.42) [18,36]. The same factor could be confusing because its activation is more
frequent if the EMS is the first medical contact or if the patient arrives at the hospital on time for
fibrinolysis or mechanical thrombectomy.

Public awareness campaigns on stroke have shown little success to date [37]. These campaigns
must be updated and include the cognitive, contextual, and behavioral factors identified in this study,
as well as the recent increase in the time window for reperfusion therapy [5,38]. Their main targets are
not only at-risk patients, but also the general population, which can witness a stroke attack and should
be aware of the risk with age.

This study had some limitations: It was performed at a third-level hospital, and additional
analyses, including the indications of mechanical thrombectomy published in 2018, were not performed
because the study had been completed prior to its publication. The strengths of this study were the
consecutive, rather than retrospective, nature at the time of stroke and the detailed analysis of the PHD
factors associated with the patients, some of which were not studied previously.

5. Conclusions

This study identified different contextual, cognitive, and behavioral factors that decrease the PHD
and the time until reperfusion treatment. It is necessary to develop public awareness campaigns,
wherein asking for help should be the first response after the onset of stroke symptoms. Telestroke and
new neuroimaging techniques for reperfusion have improved the diagnosis and treatment of stroke
occurring at nighttime or in rural areas. The activation of the prenotification system (stroke code) can
help patients arrive at the hospital sooner; therefore, all health professionals must know when and
how to use it.
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