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Objectives: To present the experience on stroke
thrombolysis of a tertiary care center in Riyadh, KSA.

Methods: Cross-sectional, observational study of
patients thrombolyzed between January 2012 and
December 2018.

Results: Thrombolysis was performed in 148 patients
(mean age: 58.2+14.5 years), 94 (63.5%) of them
were men. The median onset-to-door time was 81
minutes, and 25% of the patients arrived within 1
hour. The median National Institute of Health Stroke

Scale score upon admission was 13. Hypertension
(68.9%), diabetes (56.1%), and dyslipidemia
(40.5%) were the most common risk factors for
stroke. The most common mechanism of stroke was
cardioembolism (43.2%), which was associated with
a more severe presentation (p=0.031). Intravenous
thrombolysis alone was given to 98 patients (66.2%);
the rest received intravenous tissue plasminogen
activator plus endovascular therapy or endovascular
therapy afone. The median door-to-needle (DTN)
time was 70.5 min, with a significant improvement
from 2012 (111.6 minutes) to 2018 (69.9 minutes)
(p<0.001). Among the patients, 53 (35.8%) showed a
good outcome (with a modified Rankin score of 0-2)
whereas 14 (9.5%) died. Symptomatic intracranial
hemorrhage (sICH) was seen in 8.1%. All vascular
risk factors were more common in patients aged >60
years, except smoking, which was more common in

the younger age group (p=0.007).

Conclusion: In our cohort, the utilization of
thrombolysis and the DTN time improved over time.
One-thirds of the patients received endovascular
treatment. Moreover, the frequency of the vascular
risk factors was high. Compared with the published
findings, our results showed that cardioembolic
strokes were the most frequent and had severe
presentation and were likely the cause of the slight
increase in mortality and sICH.
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A:;lte ischemic stroke remains a major cause of
orbidity and mortality worldwide. Intravenous
(IV) thrombolysis is the standard of care in eligible
stroke patients since 1995 after the publication of
the National Institute of Neurological Disorders and
Stroke (NINDS) recombinant tissue plasminogen
activator [alteplase] (rtPA) trial.' In appropriately
selected patients with acute ischemic stroke and large
vessel occlusion (LVO), mechanical thrombectomy
(MT) significantly improved the patients’ functional
independence without increasing the mortality rate
or hemorrhagic complications.” Despite the proven
efficacy and relative safety of IV thrombolysis and MT,
they remain underutilized. In our center, thrombolysis
was utilized in 8.6% of all ischemic strokes between
February 2016 and July 2018 and in 29% of patients
who arrived within the therapeutic window.” Although
acute stroke care has significantly improved in Saudi
Arabia in the past decade, it remains far from being
optimal. In a recent survey, nearly half of the Saudi
emergency physicians considered the role of rtPA in
stroke as controversial, whereas 37% presume that the
efficacy of rtPA remains unproven.* A recent survey
showed that among the neurologists in Saudi Arabia,
21.3% had never used rtPA in acute stroke, 82.4%
believed that the delayed presentation to a hospital was
the most important barrier to the use of intravenous
rtPA, and 50% considered that the unclear time of onset
was the barrier to the use of thrombolysis.” Another
survey showed that among the neurology residents in
Saudi Arabia, 79% reported lack of good knowledge
about IV thrombolysis and 53.1% expressed lack of
confidence in using IV thrombolysis. The use of IV
thrombolysis and MT has gained momentum in Saudi
Arabia, but the published literature on the patterns
and outcomes of thrombolysis remains scant. Recently,
results from the Safe Implementation of Treatment in
Stroke (SITS)-Middle East and North African (MENA)
registry for IV thrombolysis were published,” and a
report from Dubai described the use and outcomes of
thrombolysis in 176 patients.®

A stroke unit was formally established in our tertiary
care center in 2012, although thrombolysis treatment
was already offered prior to that. Here, we report our
experience on thrombolysis in acute ischemic stroke
from January 2012 to December 2018. We presume
that this report is the first of its kind in Saudi Arabia.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug com-

pany.
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Methods. This work is a cross-sectional, retrospective
chart review approved by the Institutional Review Board
(IRB) of King Abdullah International Medical Research
Center (KAIMRC). The patients who underwent
thrombolysis at King Abdulaziz Medical City, Ministry
of National Guard Health Affairs, Riyadh, KSA, between
January 2012 and December 2018 were identified from
hospital records. The requirement for informed consent
was waived by the IRB. In this study, patients were
selected in a non-random, consecutive sampling fashion.
However, those patients who received thrombolysis
without a proper stroke code activation and those who
had stroke while in hospital (inpatient strokes) were
excluded. In our center, stroke code is activated for
patients who arrive with stroke symptoms of less than
6 hours duration. These were the patients who required
thrombolysis outside of routine practice based on their
clinician’s discretion. Most of the excluded patients had
basilar thrombosis and had endovascular intervention
outside the routine time window. These patients were
found to have acute vascular thrombosis during routine
neurology consultations, hence the door-to-needle
(DTN) time, door-to-groin (DTG) time and other
intervention times were not consistent with routine
stroke code activation.

The standard dose of 0.9 mg/kg of alteplase was
used for intravenous thrombolysis. The dose of
intraarterial alteplase, when used, was on the discretion
of interventional radiologist, and was not to exceed 20
mg. The intravenous thrombolysis was performed up
to 4.5 hours from symptoms onset, whereas most of
the endovascular procedures were performed within 6
hours of symptoms onset.

Stroke severity was measured using National Institute
of Health Stroke Scale (NIHSS) scores at arrival, 48
hours, with any sudden change in clinical status, and
at the time of discharge. Outcome was measured with
modified Rankin Scale (mRS) at the time of discharge.

Symptomatic intracerebral hemorrhage (sICH) was
defined according to SITS-MOST definition which
included parenchymal hemorrhage type 2 (PH2)
with neurological deterioration indicated by increase
in NIHSS score of 4 points or more from baseline
or lowest value within past week or any hemorrhage
leading to death.” Cerebral edema was defined based on
radiological images showing midline shift or cerebral
herniation. All images and clinical assessment were
reviewed by trained neurologist (stroke fellow) to
ascertain the type of hemorrhage, evidence of cerebral
edema and neurological deterioration.

Data on predefined variables was collected and
analyzed using the Statistical Package for Social Sciences
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Table 1 - Demographic features, stroke type, risk factors, and time indicators for thrombolyzed patients.

Patients (n=148)

Mean age (+SD) in years
Male (%)

Median NIHSS score at admission (inter-quartile range)

TOAST classification n (%)
Cardioembolic

Large artery

Small vessel

Other determined
Undetermined

Vascular risk factors n (%)
Hypertension

Diabetes mellitus
Dyslipidemia

Ischemic heart disease
Prior stroke

Congestive heart failure
Smoking

Atrial fibrillation

Time indicators in minutes — Median (IQR)

Symptoms onset-to-door time

Door-to-stroke code activation

Stroke team arrival from stroke code activation

Door-to-CT scan

Door-to-needle time

Door-to-groin time for endovascular therapy

58.2+14.5; range 22-87 years
94 (63.5)
13 (8-18)

64 (43.2)
18 (12.2)
15 (10.1)

1(0.7)
41 (27.7)

102 (68.9)
83 (56.1)
60 (40.5)
31 (20.9)
23 (15.5)
16 (10.8)
36 (24.3)
40 (27.0)

81 (54.5-115)

7 (4-14)

4 (2-8)
28 (21-39)
70.5 (57-94)

156 (122-212)

(SPSS) software version 23.0. Descriptive statistics
for categorical data are presented as frequencies and
percentages. Numerical data are presented as means and
standard deviations. Pearson chi-square test was used to
analyze statistical significance. Statistical significance
was set at a p-value of <0.05.

Results. A total of 3,070 patients were admitted to
our stroke service, including hemorrhagic strokes and
stroke mimics between January 2012 and December
2018; of these patients, 164 (5.3% of all strokes, and
8.6% of all ischemic strokes) received thrombolysis.
Based on the inclusion and exclusion criteria, 148
patients were included in the final analysis. Among
the 148 patients, 94 (63.5%) were men. The mean
age of the entire sample was 58.2 (x14.5) years, and
no significant difference was observed between the
mean ages of the males (57.1+14.0) and the females
(60.2+15.3) (p=0.212). The median National Institute
of Health Stroke Scale (NIHSS) score at presentation
was 13 with an inter-quartile range (IQR) of 8-18.

WWW.NSj.0rg.sa
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Figure 1 - Increasing utilization of thrombolysis over time.

The demographic features, vascular risk factors,
TOAST classification of stroke, and time indicators are
summarized in Table 1. Hypertension (68.9%), diabetes
mellitus (56.1%), and dyslipidemia (40.5%) were the

commonest vascular risk factors. Cardioembolism was
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Yearly trend for thrombolytic pattern
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Figure 2 - Yearly trend for thrombolytic pattern (intravenous alone, intravenous plus intraarterial/endovascular, or intraarterial/endovascular alone).
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Figure 3 - Improving trend for door-to-needle (DTN) time.

the commonest mechanism of stroke (43.2%) and was
associated with more severe presentation (49% versus
31%) with a p-value of 0.031. Stroke of undetermined
etiology was seen in 27.7% of the patients, whereas
large artery stroke was seen in 12.2% of the patients.
The number of patients who received thrombolytic
therapy increased gradually over time, with the

202 Neurosciences J 2021; Vol. 26 (2)
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highest year-to-year increase between 2016 and 2017
(Figure 1). Only 15 out of 486 (3.1%) patients received
thrombolysis in 2012, compared with the 35 out of
470 (7.4%) patients in 2017 and the 38 out of 494
(7.7%) patients in 2018. IV thrombolysis alone was
used in 98 (66.2%) patients, whereas the rest received
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Table 2 - Efficacy and discharge outcomes of thrombolyzed

patients.
Outcomes n (%) P-value
mRS at discharge n (%)
0-2 53 (35.8)
3-5 52 (35.1)
6 14 (9.5)
Missing 29 (19.6)
NIHSS at admission (n=141) 13 (8-18) <0.001
Median (IQR)
NIHSS at discharge (n=84) 3 (1-9)
Median (IQR)
sICH n (%) 12 (8.1)
In-hospital death n (%) 14 (9.5)

either a combination of IV thrombolysis and MT or
MT alone. The use of endovascular treatment increased
significantly from 2016 to 2018 (Figure 2).

The time indicators for thrombolysis are shown in
Table 1. The median symptom onset-to-door time was
81 minutes. A quarter (25%) of the patients arrived
within 1 hour from the symptom onset. The median
door-to-CT scan time was 28 minutes and the median
door-to-needle (DTN) time was 70.5 minutes. The
mean DTN time improved over time, that is, from
111.6 minutes in 2012 to 65.2 minutes in 2017 and
69.9 minutes in 2018 (Figure 3). For the patients who
underwent endovascular treatment, the median door-
to-groin time was 156 minutes (IQR 122-212).

The discharge outcomes are summarized in Table 2.
Some of the outcome parameters, including discharge
modified Rankin scale (mRS) and discharge NIHSS
score, were missing in some patients. A total of 53
(35.8%) patients had an mRS of 0-2 at discharge,
whereas 52 (35.1%) patients had an mRS of 3-5 at
discharge. There were 14 (9.5%) in-hospital deaths
among the thrombolyzed patients. Unfortunately, the
discharge mRS 0f 29 (19.6%) patients was not recorded.
Symptomatic intracranial hemorrhage (sICH) was
seen in 12 (8.1%) patients. Stroke onset to time of
presentation, DTN time, NIHSS score at presentation,
age, gender, and vascular risk factors did not affect the
occurrence of sICH. The median discharge NIHSS
score was 3 (IQR 1-9), whereas the admission NIHSS
score was 13 (IQR 8-18) (p<0.001).

All vascular risk factors were more common in
patients aged 60 years and above, except for smoking,
which was more common in patients younger than
60 years, as shown in Table 3. Patients older than 60
years presented with more severe strokes (with an

WWW.NSj.0rg.sa

NIHSS score of >15) compared with younger patients
(p=0.018). The discharge mRS and discharge NIHSS
scores did not differ with age.

Females were more likely to be admitted to ICU
(96% vs. 75%) (p=0.001) and were more likely to
experience asymptomatic hemorrhage (24% vs. 10%)
(»=0.017) than males. The vascular risk factors in stroke
did not differ between males and females. Moreover,
gender did not exert any significant effect on stroke
severity at presentation (p=0.236) or on discharge mRS
(p=0.575). No difference in the time of arrival to ER
(»=0.26) nor in the DTN time (p=0.119) was observed
between males and females.

Discussion. Thrombolysis ~ has  remained
underutilized in the management of acute ischemic
stroke despite the availability of efficacy data gathered
for more than 2 decades. The Get with the Guideline
(GWTG)-Stroke initiative of the American Heart
Association resulted in the improvement in the use of
IV 1tPA from 4% to 7% from 2003 to 2011." In our
cohort, the IV rtPA utilization increased to more than
twice from 3.1% in 2012 to 7.7% in 2018 in all stroke
admissions. Although this improvement is encouraging,
the optimal utilization of IV thrombolysis remains
challenging. A retrospective study involving more than
60,000 patients in a national registry in the USA showed
that patients of older age, with milder strokes, of the
female gender, and belonging to minority groups were
likely to be undertreated."” The DTN time improved
from more than 110 minutes in 2012 to less than 70
minutes in 2018. We implemented several changes
in our stroke code pathway as quality improvement
project from 2013 onwards. These changes targeted
various timelines that resulted in the significant
improvement in the DTN time. The GWTG-Stroke
initiative also reported improvement in the DTN time
from 82 minutes to 71 minutes when guidelines were
implemented.'” The mean DTN times reported in
the study from Dubai was 64.1 minute® whereas that
reported in the SITS-MENA registry was 54 minutes.”

Endovascularthrombectomyhasbecome thestandard
of care for patients with LVO-related strokes.'> Multiple
randomized controlled trials published in 2015 had
established the efficacy of endovascular/mechanical
thrombectomy in LVO with no significant increase in
sICH.*"? Before the publication of these trials, we were
already using intra-arterial thrombolysis/endovascular
thrombectomy in select patients in our center. After
the recent trials were published, the number of patients
undergoing endovascular thrombectomy increased
significantly. In our cohort, the door-to-groin time

Neurosciences 2021; Vol. 26 2) 203
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was less than the optimal. We could not perform a
subgroup analysis due to the small number of patients
who underwent endovascular thrombectomy alone.

Most of our patients had a moderately severe stroke
with a median NIHSS score of 13. In the SITS-MENA
registry, the median NIHSS score of the patients
who received thrombolysis was 12,7 whereas that for
the observational cohort was 8. The mean NIHSS
score of the patients who received thrombolysis in the
Dubai study was 12. These numbers are consistent
with that reported in the GWTG-Stroke registry,
wherein the median NIHSS score of patients who
received IV thrombolysis was 12." In our cohort,
more than one-third of the patients suffered from
cardioembolic stroke, which may have contributed to
the higher NIHSS score at presentation. As suggested
in the GWTG-Stroke registry, the patients with milder
strokes may have been undertreated;'! hence, the
studies that included only those patients who received
IV thrombolysis had reported higher median NIHSS
scores.

Nearly two-thirds of the patients who received
thrombolysis at our center were male. This gender
difference was much higher in the study from Dubai
wherein 82.8% of the thrombolyzed patients were male.®
In the SITS-MENA registry, 72% of the patients were
male, whereas 53.6% of the patients were male in the
non-MENA region.” The higher rate of thrombolysis
in males is not a regional phenomenon. The
GWTG-Stroke registry showed that the female gender
was an independent determinant of under-treatment
with thrombolysis."

Stroke occurs at a younger age in Saudi Arabia and
Middle East. The mean age of our patients was 58.2
years. A recent study conducted in a university hospital
in Saudi Arabia reported that the mean age of the
investigated stroke patients was 60.4 years."> The median
age of the thrombolyzed patients included in the in
SITS-MENA registry was 55 years, whereas the median
age reported in the non-MENA region was 73 years.” In
the Dubai cohort, the mean age was 50.8 years, which is
lower than that in our cohort.® In a review of 30 studies
conducted in the Middle East and involving more than
21,000 patients, a median age of less than 65 years was
reported in two-thirds of the studies.'® A study in Saudi
Arabia reported a stroke incidence of 108.05 strokes
per 100,000 population aged 50-59 years compared
with the overall incidence of 57.64 strokes per 100,000
population in the Aseer region in Saudi Arabia."

There is an staggering burden of stroke risk factors in
the Saudi and Middle Eastern populations. A university
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hospital-based study in Saudi Arabia reported that
among the stroke patients, 61.4% had hypertension,
50.8% had diabetes mellitus, and 20.6% had atrial
fibrillation." These numbers have dramatically increased
in the past two decades. The data on 1000 stroke patients
reported in the Saudi Stroke Data Bank showed that
among those patients, 52% had hypertension, 42%
had diabetes, 10% had atrial fibrillation, and 10% were
smokers."® Moreover, a review of 30 studies involving
stroke patients from various regions of the Middle East
reported that among the investigated patients, 62.1%
had hypertension, 33.1% had diabetes mellitus, 36.8%
had dyslipidemia, and 13.6% had atrial fibrillation."
The prevalence of these classical risk factors in our
cohort were similar to that in the abovementioned
reports or even higher. In our patients, more than 50%
had diabetes and 27% had atrial fibrillation. All of these
risk factors were more prevalent in patients 60 years old
and above, except smoking, which was more prevalent
in the younger age group.

Approximately 20%-30% of all stroke cases can
be attributed to cardioembolism and are usually more
disabling."” Cardioembolic stroke was the commonest
stroke mechanism in our cohort, and it may have been
promoted by the increased frequency of atrial fibrillation,
which was observed in more than one quarter of the
patients. Cardioembolism was not only the commonest
mechanism, but was also associated with more severe
strokes. Another possible explanation for cardioembolic
strokes being a common condition in our cohort is that
patients with less severe stroke who likely had small
vessel disease were less often thrombolyzed. However,
we could not confirm this correlation from the available
data. Cardioembolic stroke was also common in the
Dubai cohort; however, small vessel disease was the
commonest stroke mechanism in their series.® In the
SITS-MENA observational registry, large vessel disease
was considered the commonest mechanism in 46% of
all ischemic stroke cases.'* Cardioembolic strokes were
seen in approximately 20% of patients in the eastern
region of Saudi Arabia.”

More than one-thirds of our patients were
functionally independent at the time of discharge, with
another one-thirds partly or fully dependent. In the
Dubai cohort, more than two-thirds of the patients were
discharged with an mRS of 2 or lower.® In comparison,
the SITS-MENA registry reported an mRS of 0-2 in
53% of the patients.” Outcome data was missing in
19.6% of our patients, and the availability of which
could have possibly improved the overall functional
independence outcome.
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The mortality in our cohortwas 9.5%, which is higher
than the 6.8% mortality reported in the Dubai cohort®
and the 2.3% mortality reported in the SITS-MENA
registry.” A considerably higher mortality of 17% at
three months was reported in the original NINDS rtPA
trial [NINDS rtPA]. In the recent studies from Saudi
Arabia, the overall in-hospital stroke mortality rates were
9.7%?° and 11.1%.' Moreover, sICH was seen in 8.1%
of our patients, a rate that is higher than that reported
in the NINDS rtPA trial (6.4%), in the SITS-MENA
registry (<1.4%), and in the Dubai cohort (6.9%).""*
The increased sICH frequency and mortality rate may
be related to the increased frequency of cardioembolic
strokes, which may lead to hemorrhagic conversion as
well as to a poor outcome.”*> Compared with embolic
stroke of uncertain source, cardioembolic strokes are
not only associated with poor outcome but also with
higher recurrence.”

We believe that this is the first report on thrombolysis
utilization patterns and outcomes from Saudi Arabia.
With a dedicated stroke unit, many of the thrombolysis
targets were achieved, although all of the outcomes were
not comparable to those achieved by the developed
nations. Our study emphasizes the need for continuous
improvement in the processes to achieve better
outcomes. This study should serve as a precedent for
other centers to share their experiences on thrombolysis
and should eventually lead to the establishment of a
national registry.

Our study has several limitations. Given that this
work is a single-center study, the results cannot be
generalized to the entire country. Data on the outcome
was missing in several patients and could not be
determined due to the retrospective nature of the study.
Another limitation of the retrospective data collection
is that we could not ascertain whether there were
any protocol violations in the administration of rtPA
particularly in patients who had unfavorable outcomes.
Moreover, a long-term follow up on these patients was
not conducted.

Conclusions and recommendations. In our cohort
of thrombolyzed stroke patients, the utilization of
thrombolysis has improved over time. Similarly, the
DTN time improved over the years. The frequency
of vascular risk factors was considerably high in our
cohort, warranting urgent attention. The mortality rate
and sICH frequency slightly increased possibly due to
the increased frequency of cardioembolic strokes.

We expect that our study will prompt other centers
to report their experiences on thrombolysis. A national
registry or database for stroke thrombolysis is a current
need. Future multicenter, multicity studies on stroke

WWW.NSsj.org.sa

will considerably improve our understanding of stroke
care in Saudi Arabia and will also help set optimal
targets and goals in this field.
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