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Abstract
Introduction
Stroke has become one of the most severe causes of long-term neurological impairment and disability and is
considered one of the leading causes of mortality worldwide. This study aimed to determine time delays in
stroke patients from symptoms onset to treatment with tissue plasminogen activator (tPA) initiation in King
Abdullah Medical City Specialist Hospital, Makkah, Saudi Arabia.

Patients and methods
We reviewed 81 patients who suffered from acute stroke. The data were collected from patients’ electronic
and paper files. Patients were divided into two main categories based on interval time from recognition of
symptoms to tPA treatment. Patients were divided into early treatment, if the duration was less than or
equal to 120 minutes, and delayed treatment, if the interval time was more than 120 minutes.

Results
Nearly two-thirds (64.2%) were males, and more than half (5.6%) were in the older age group (>65 years).
Patients who underwent thrombectomy were 7.4%. The mean value of the National Institutes of Health
Stroke Scale (NIHSS) score was 10.7 (SD: 7.14). The mean time from symptoms onset to arrival at the hospital
was 82.4 (SD: 44.1) minutes, while the total time from recognition of symptoms to tPA treatment was 154
(SD: 50.8) minutes. The prevalence of patients with delayed treatment was 72.8%, and the rest were assumed
to have early treatment (27.2%). None of the socio-demographic variables were predicted to influence
delayed treatment.

Conclusion
A significant number of patients were delayed in treatment. Patients' socio-demographic data and NIHSS
scores seem to have no significant effect on delayed treatment. Further research is needed to establish the
delay in time for pre-hospital and in-hospital treatment of stroke patients.
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Introduction
Stroke has become one of the most severe causes of long-term neurological impairment and disability and is
considered one of the leading causes of mortality worldwide. It is defined as the death of brain tissue and
deterioration of its function by loss of blood supply to the brain, triggered by ischemia (lack of blood flow),
blockage (either thrombosis or embolism), or a hemorrhage. Depending on the disease severity and type of
stroke, it can leave the patient with dysfunction in different aspects, including physical, psychological,
social, and cognitive functions. According to the World Health Organization (WHO), about 15 million people
all over the world suffer from strokes each year. Among these, five million die, and another five million are
permanently disabled [1].

Over the past decade, there was only one study that says that the crude incidence rate for the first-ever
incidence of stroke in Saudi Arabia was 29.8/100,000/year. They also reported that ischemic strokes stand for
about 69% as the most common type and subarachnoid hemorrhage (SAH) was extremely rare (1.4%).
Another study conducted between 1982 and 1992, by Al Rajeh and Awada, in a hospital that exclusively
treated the Saudi Arabian National Guard community rated the crude annual incidence rate at 43.8 per
100,000 [2].
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Studies reported that old age, high blood pressure, prior stroke or transient ischemic attack (TIA), diabetes,
high cholesterol, tobacco smoking, and atrial fibrillation were the significant risk factors for stroke [1].

There are a variety of signs and symptoms of stroke, and abrupt onset of difficulty in speech and focal
weakness are the most critical physical symptoms of a stroke. Acute onset of unilateral weakness is also a
common finding. Recognition of Stroke in the Emergency Room (ROSIER) is one of the validated
instruments; in the United Kingdom, it correctly classified 90% of patients with stroke. There are two
conditions that might mimic the signs and symptoms of stroke: hypoglycemia and seizures. Imaging is
essential for the diagnosis of stroke, and magnetic resonance imaging (MRI) has higher sensitivity than CT;
therefore, it is a better detector of strokes [3].

Thrombolytic therapy has been approved for the treatment of acute stroke based on a meta-analysis study,
which was conducted on 2775 patients from 18 different countries to see if early administration of nine
intravenous recombinant tissue plasminogen activators (rt-PA) is associated with a better outcome. The
results of this study showed the earlier the rt-PA is administered to patients with signs and symptoms of
stroke, the better the outcome, especially if the treatment is given within 90 minutes. Stroke patients who
have been given rt-PA beyond three hours still have some potential benefits. However, this potential has
risks [4].

Thrombolytic therapy is dependent on the time of the intervention. Thus, early recognition and
hospitalization of patients with stroke are very crucial for the overall outcome and benefit of the treatment.
In 1997, a study was conducted in New Jersey, USA, on a total of 553 patients about the factors that might
delay the signs of stroke to the arrival at an emergency department (ED), and the time from arrival at the ED
to the patient's evaluation. Results state that 32% of patients with acute stroke signs or symptoms arrived at
the ED within 1.5 hours, 46% of the patients arrived within three hours, and 61% within six hours. Delay in
time was associated with sex, race, and transportation mode [5].

The previous study was not the only study that had been done. Multiple studies were conducted to measure
the delay in pre-hospital and hospital settings. One of them shows that the median time from symptom
onset to ER arrival was 2.6 hours (interquartile range: 1.2-6.3). The median time from ER arrival to CT scan
completion was 1.1 hours (0.7-1.8), and the total delay time (from symptom onset to CT scan completion)
had a median of 4.0 (2.3-8.3) hours. Patients who arrived by emergency medical services (EMS) had
significantly shorter pre-hospital delay times and times to CT scans. In the same study, age, race, sex, and
educational level did not appear to affect pre-hospital delay times [6]. Another study done on different
populations shows that the median pre-hospital delay was 151 minutes (range: 5-9590 minutes). The median
time interval between ED admission and neurological consultation was 27 minutes (range: 0-2165 minutes).
The median time between ED admission and CT/MRI imaging was 108 minutes (range: 1-6868 minutes) [6].

Another study was done in Switzerland between January 1, 2000, and April 30, 2002, on 597 patients
diagnosed with acute stroke to determine the time before giving intra-arterial thrombolysis aiming to
improve the management of these patients. This study was done on three groups of patients: the first group
came to the ER directly, the second was referred from hospitals that do not have a CT scan, and the third was
from a hospital that had a CT scan. The mean time to arrival in the ED was 99 minutes for patients who were
admitted directly with a mean of 234 minutes delay from symptom onset to management. For patients who
were referred from centers that do not have a CT scan, the mean time to ED arrival was 127 minutes with a
mean of 269 minutes delay from symptom onset to treatment. In the last group of patients, the mean time of
ED arrival delay was 210 minutes with a mean of 302 minutes from symptoms onset to management [7].

In 2002, a multi-centric prospective study was conducted in the United Kingdom on 739 patients to
investigate the delay of presentation to the hospital and the early evaluation of patients with stroke. The
results of this study state that 37% of patients arrived within three hours, whereas 50% of them arrived
within six hours. Delays in patients who used the emergency service were two hours and three minutes. On
the other hand, the patients who were referred by general practitioners took seven hours and 12 minutes. In
conclusion, we can reduce the delays of patients with suspected stroke by increasing the use of the ED [8].

Between June 2004 and October 2005, a prospective observational study was conducted in Taiwan on 129
patients that had an ischemic stroke to know the time and elements that led to pre-hospital and ED delays in
the management of these patients. This study showed that the median time from the onset of symptoms to
reaching the ED was 71 (mean ± SD: 82.7 ± 57.7) minutes. Moreover, the median times from ED arrival to
neurologic consultation was 10 (11.3 ± 9.9) minutes, from ED arrival to CT scan was 17 (9.6 ± 11.3) minutes,
from ED arrival to ECG was 14 (23.3 ± 55) minutes, and from ED arrival to laboratory data completion was 39
(44.4 ± 24.5) minutes [9].

Pre-hospital delays take up a more extensive part of total delay time. Nevertheless, there has been a
decrease in delay time over the past years. Based on studies of many different population groups (65 groups),
there was a 10.2% annual decrease in hours per year from ED arrival to a neurological evaluation (p = 0.23
based on 16 population groups) and a 10.7% annual drop in hours per year for delay time from ED arrival to
initiation of CT (p = 0.11 based on 23 population groups) [10].
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According to a 2020 study conducted in Saudi Arabia, the majority of emergency and medical staff doctors
had never administered tissue plasminogen activator (tPA) and were never involved in its administration to
a stroke patient [11]. In another study, the following success factors were crucial to the timely administration
of tPA in stroke therapy: (1) extensive knowledge, skill, and a positive attitude on the part of nurses toward
stroke care; (2) organized systems and technology for managing stroke patients in the emergency room; (3)
teamwork; and (4) clearly defined nursing roles for assessing and monitoring stroke patients. The hurdles,
on the other hand, include everything related to the patient, staffing, doctor, education, resource, and
teamwork [12]. In Makkah, Saudi Arabia, a recent cross-sectional study was conducted in 2022 to evaluate
the late hospital arrival of patients with acute ischemic stroke. It was discovered that 45% of patients
presented late and 55% of patients presented early [13].

Rationale
Stroke is correlated with a high mortality rate and long-term neurological impairment and disability.
“Time” is considered the most crucial factor that determines the prognosis. However, there are few research
studies in Saudi Arabia that studied the importance of timing in acute stroke management. This research
aimed to know the current situation in King Abdullah Medical City Specialist Hospital, Makkah, Saudi
Arabia, which is a center of stroke in the Makkah healthcare system in regard to the acute stroke time
window. The findings of this study will help healthcare practitioners to know their time window and
compare it to the international guidelines. Also, this study will increase awareness for the general
population of stroke signs and symptoms, and doctors of the importance of giving the tPA within the
window.

Materials And Methods
This retrospective cohort study was conducted at King Abdullah Medical City Specialist Hospital in Makkah,
Saudi Arabia. The study sample included all patients diagnosed with acute stroke and who received tPA from
the 1st of July 2019 to the 31st of December 2021. The exclusion criteria were any patients with neurological
deficits that were not caused by acute stroke and patients with hemorrhagic stroke. Patients who died upon
arrival or during transportation to the hospital, and those who presented late (>4.5 hours of first symptoms
onset) were also excluded.

Data collection was done using medical records and the administrative data of acute stroke patients were
collected. A pre-designed checklist was prepared to collect data about patients' demographics and social
data, clinical presentation, time of onset of the first symptom, time of seeking medical help, time of ED
arrival, time of ED clinical examination, time of consultation, time of CT interpretation, and time of
therapeutic interventions.

Patients were classified as having delayed treatment (>120 minutes) and having an early treatment (≤120
minutes) based on the same cutoff point used in previous studies [6,14].

Statistical analysis
Data were statistically analyzed using the SPSS program version 26 (IBM Corp., Armonk, NY). To investigate
the association between the variables, Fischer's exact test was applied to qualitative data that were
expressed as numbers and percentages. Quantitative variables were expressed as mean and standard
deviation (mean ± SD) and the association between non-parametric data was assessed by the Mann-Whitney
U-test. Statistical significance was defined as a p-value of less than 0.05.

Results
This study involved 81 patients who suffered from a stroke. As seen in Table 1, 50.6% were aged more than 65
years old with a higher incidence of stroke in males (64.2%). Only 2.5% were living alone, while 77.8% were
able to recognize the symptoms by themselves. First-time incidence of stroke happened to more than three-
quarters of the patients (76.5%). Documentation of onset was known to all patients while only 8.6% were
able to recognize symptoms after sleep. The majority of patients were diagnosed with anterior stroke (75%),
while 25% were diagnosed with posterior stroke. The prevalence of patients who underwent thrombectomy
was 7.4%. In addition, the mean National Institutes of Health Stroke Scale (NIHSS) score was 10.7 (SD: 7.14).
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Study variables N (%)

Age group  

≤65 years 40 (49.4%)

>65 years 41 (50.6%)

Gender  

Male 52 (64.2%)

Female 29 (35.8%)

Home steady living  

Alone 02 (02.5%)

Not alone 62 (76.5%)

Unknown 17 (21.0%)

Recognition of symptoms  

By self 63 (77.8%)

Not by self 18 (22.2%)

Frequency of sickness  

First 62 (76.5%)

Recurring 19 (23.5%)

Documentation of onset time  

Known 81 (100%)

Unknown 0

Symptoms recognized after sleep  

Yes 07 (08.6%)

No 74 (91.4%)

Patient had thrombectomy  

Yes 06 (07.4%)

No 75 (92.6%)

NIHSS score (mean ± SD) 10.7 ± 7.14

TABLE 1: Baseline characteristics of the patients
NIHSS: National Institutes of Health Stroke Scale.

In Table 2, the mean time (minutes) from symptoms onset to arrival at the hospital, examination by the
emergency doctor, the first sample taken, CT scan done, examination by specialists, and tPA treatment in
minutes were 82.4, 92.9, 97.3, 128.2, 134.9, and 156.8, respectively. The total time from recognition to tPA
treatment was 154.4 (SD: 50.8) minutes.
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Interval time (minutes) Mean ± SD Median Min Max

Arrival at the hospital 82.4 ± 44.1 90.00 5.00 165.0

Examination by the emergency doctor 92.9 ± 45.4 97.00 7.00 180.0

First sample was taken 97.3 ± 46.6 102.0 7.00 215.0

CT was done 128.2 ± 49.9 130.0 30.0 231.0

Examination by a specialist 134.9 ± 49.1 140.0 35.0 240.0

tPA treatment was done 156.8 ± 47.8 165.0 60.0 255.0

Total time from recognition to tPA treatment 154.4 ± 50.8 165.0 10.0 255.0

TABLE 2: Descriptive statistics of the interval from the recognition of symptoms to tPA treatment
tPA: tissue plasminogen activator.

Figure 1 shows the stratified total interval time from recognition of symptoms to tPA treatment. It can be
observed that 72.8% were classified as delayed treatment while the rest (27.2%) were classified as early
intervention.

FIGURE 1: Total interval time from recognition of symptoms to tPA
treatment
tPA: tissue plasminogen activator.

When measuring the relationship between delayed tPA treatment and the baseline characteristics of the
patients (Table 3), it was found that there were no significant differences between delayed tPA treatment
according to age group (p = 0.804), gender (p = 0.608), recognition of symptoms (p = 0.371), frequency of
sickness (p = 0.569), symptoms recognized after sleep (p = 0.667), those who underwent thrombectomy (p =
0.661), and NIHSS score (p = 0.527).
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Factor Early, N (%) (n = 22) Delayed, N (%) (n = 59) P-value§

Age group    

≤65 years 10 (45.5%) 30 (50.8%)
0.804

>65 years 12 (54.5%) 29 (49.2%)

Gender    

Male 13 (59.1%) 39 (66.1%)
0.608

Female 09 (40.9%) 20 (33.9%)

Recognition of symptoms    

By self 19 (86.4%) 44 (74.6%)
0.371

Not by self 03 (13.6%) 15 (25.4%)

Frequency of sickness    

First 18 (81.8%) 44 (74.6%)
0.569

Recurring 04 (18.2%) 15 (25.4%)

Symptoms recognized after sleep    

Yes 01 (04.5%) 06 (10.2%)
0.667

No 21 (95.5%) 53 (89.8%)

Patient had thrombectomy    

Yes 02 (09.1%) 04 (06.8%)
0.661

No 20 (90.9%) 55 (93.2%)

NIHSS score (mean ± SD) 11.3 ± 7.03 10.4 ± 7.23 0.527‡

TABLE 3: Relationship between delayed tPA treatment and the baseline characteristics of the
patients
§ P-value has been calculated using Fischer's exact test. ‡ P-value has been calculated using the Mann-Whitney U test.

tPA: tissue plasminogen activator; NIHSS: National Institutes of Health Stroke Scale.

Discussion
Time is crucial for the successful treatment and management of acute stroke. This has been discussed well
in previous studies [14-19]. The present study sought to determine the time delays in stroke patients from
symptoms onset to treatment with tPA initiation in King Abdullah Medical City Specialist Hospital, Makkah,
Saudi Arabia. The findings of this study revealed that the mean duration of time from symptoms onset to
tPA treatment was 156.4 (SD: 50.8) minutes with 72.8% classified as delayed treatment (>120 minutes) while
27.2% classified as early treatment (≤120 minutes). There were conflicting reports regarding the cutoff times
between delayed and on-time treatment. For example, a study conducted by Hacke et al. [4] reported that
the median time from onset to start of treatment was 243 minutes. The study concluded that the earlier rt-
PA is given to stroke patients, the better the benefit, especially if started within 90 minutes suggesting a
promising benefit beyond three hours but this potential might come with certain risks. In another study
published in Switzerland [7], the authors indicated that the mean delay from symptom onset to treatment
was 234 minutes for Bern patients (admitted directly to the Inselspital), 269 minutes for non-Bern/-CT
patients (referred from a community hospital without a CT scan), and 302 minutes for non-Bern/+CT
patients (referred from a community hospital after CT scan), where patients from the last group needed
longer time to receive intra-arterial thrombolysis than did patients who were admitted directly or who were
transferred from a hospital without having a CT scan.

Data in our study suggest that the mean time from symptoms onset to arrival to the ED was 82.4 (SD: 44.1)
minutes, to ED doctor was 92.4 (SD: 45.4) minutes, first sample analysis was 97.3 (SD: 46.6) minutes, to CT
scan done was 128.2 (SD: 49.9) minutes, and to the neurologic consultation was 134.9 (SD: 47.8) minutes.
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These findings are almost consistent with a paper conducted in Taiwan [9], showing that the mean time from
symptom onset to ED arrival was 82.7 (SD: 57.7) minutes, ED arrival to CT scan was 9.6 (SD: 11.3) minutes,
ED arrival to neurologic consultation was 11.3 (SD: 9.9) minutes, and to laboratory data was 44.4 (SD: 24.5)
minutes.

The study further indicated that two hours of pre-hospital delay is the cutoff point for thrombolytic therapy.
In our study, we included the time from onset to CT interpretation by a radiologist and documentation in the
system. That resulted in the delay in presentation to CT.

However, our results are faster than that of Lacy et al. [15], showing that 32% arrived at the hospital at 1.5
hours of stroke onset, 46% arrived within three hours, and 61% within six hours. In view of this delay, the
investigator discovered that patients arriving by ambulance and those who needed admission to ICU were
examined sooner by the physicians. On the other hand, in a comprehensive review carried out by Evenson et
al. [10], between the years 1981 to 2007, based on studies on 65% of population groups, the weighted Poisson
regression indicated a 6% annual decline in hours/year for pre-hospital delay defined from symptom onset to
ED arrival, and the annual decline in hours/year for delay time from ED arrival to initiation of CT scan was
represented by 10.7%.

The author concluded that it is interesting to see more effective community-based intervention worldwide
for the next decade and how they can improve stroke surveillance systems that will improve pre-hospital and
in-hospital delays for acute stroke care.

Al Khathaami et al. stated in a prior Saudi study conducted in Riyadh that specific therapeutic methods, such
as tPA, are beneficial when given within 4.5 hours after the onset of acute ischemic stroke. However, because
of their tardy admission to the hospital, the majority of patients are still untreated. According to the study's
findings, the patient's delayed arrival was caused by a number of factors, including the patient being alone
when the stroke first occurred, not being taken to the hospital in an ambulance, being unaware of the
disease they had, living a long way from the hospital, being uninformed, and having difficulty accessing
healthcare services [20]. In 2020, Al Khathaami et al. estimated that rt-PA was administered to 8.6% of all
acute ischemic stroke patients who presented to Saudi Arabia's tertiary care hospitals. Since alteplase must
be delivered as quickly as possible, late entrance to the emergency room is the main cause of
underutilization. Only 29.8% of the patients in the aforementioned trial arrived in time for such intervention
[21].

Several papers indicated a significant relationship between delayed treatment according to the socio-
demographic variables of the patients. For instance, in a study by Jungehulsing et al. [6], females living by
themselves were significantly related to increased delays, while Chen et al. [9] documented that based on
regression models, age of fewer than 65 years, being illiterate, and symptoms awakening were the significant
factors associated with delay in ED presentations. In a study by Wester et al. [22], gradual onset, mild
neurological symptoms, brain infarct, patients who took care of themselves, patients who lived in a large
catchment area, those who visited a primary care site, and those who did not use ambulance transportation
were the factors associated with increasing delay to hospital admission. Likewise, Morris et al. [23] reported
that patients who arrived by EMS had significantly shorter pre-hospital delay times and times to CT scans.
However, patients’ age, race, sex, and educational level appeared to not affect pre-hospital delay times. In
our study, we found no significant differences between delayed treatment and the socio-demographic
variables of the patients. It may be because of the limited sample size or other potential confounders
involved in this study.

Thrombolytic programs have been implemented in many hospitals in Saudi Arabia [11]. Besides, the Saudi
Ministry of Health had developed acute stroke screening and code route methods in accordance with Vision
2030. This approach tries to standardize emergency room and hospital acute stroke care. These procedures
cover the treatment of subarachnoid hemorrhage, intracerebral hemorrhage, and acute ischemic stroke. The
protocol intends to cover transfer protocols with primary stroke hospitals (PSHs) and comprehensive stroke
hospitals (CSHs), decisions on the acute use of IV r-tPA for selected acute ischemic stroke patients, and
medical stabilization of the stroke patient in terms of managing their blood pressure and airway [24].

Further investigations are warranted to determine the true effect of socio-demographic characteristics in the
delayed treatment of acute stroke patients. Being a single-center study was a limitation of the present work,
besides the small sample size. A multi-center approach would result in a better outcome and could provide a
better insight into the influential factor of delayed in-hospital treatment in our region. Future studies could
be done to assess the NIHSS score after the number of weeks or months among the two groups of
patients. Also, data about the functional status of patients as a main public health problem could be assessed
in future studies.

Conclusions
A significant number of patients were delayed in treatment. That happened due to pre-hospital delays of
patients. Also, patients' socio-demographic data along with NIHSS scores seem to have no significant effect
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on delayed treatment. Despite collective efforts to uphold timely stroke evaluation and treatment, the delays
cannot behold. This underlines the need for effective public health programs intended to minimize time
consumption when evaluating and treating patients who suffered from acute ischemic stroke. Further
research is needed to establish the delay in time for pre-hospital and in-hospital treatment of stroke
patients.
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