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ABSTRACT

Endovascular treatment (EVT) of acute ischemic stroke (AIS) is the main treatment of large vessel
occlusion (LVO). Nonetheless, access to EVT is limited specially in developing countries. It is not
uncommon in these regions to miss the time window for intravenous thrombolysis (IVT) or to arrive
within the IVT window but with a contraindication for it. Hence, a lot of patients with LVO face a
situation where either they receive EVT only or conservative management according to available
logistics.

Aim: To study the outcome of EVT vs best medical treatment (BMT) in two Egyptian stroke centres
(Tanta and Alexandria) in AIS patients ineligible for IVT.

Results: 390 patients with AIS and LVO were included in the study. 74 underwent EVT while 316
underwent BMT. There were no statistical differences in age, sex, time of onset, initial severity, or
imaging scores in both groups. The EVT group had more diabetes mellitus (DM) patients, more
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smokers and more systolic and diastolic blood pressure (BP) while the BMT had more
anticoagulated patients. The EVT group had better functional outcome but more symptomatic
intracerebral haemorrhage with no difference in mortality.

Conclusion: Endovascular treatment doubles the good functional outcome of AIS in LVO patients

but ICH is more with no effect on mortality.

Keywords: Acute ischemic stroke; EVT; mechanical thrombectomy; access to treatment; functional

disability.
1. INTRODUCTION

Acute ischemic stroke (AIS) is the leading cause
of disability and the second cause of mortality
worldwide [1]. Medical treatment by IVT is
established treatment for AIS but restricted by
the tight time window of 4.5 hours and by many
contraindications like anticoagulation treatment,
recent surgery, or trauma beside others [2]. More
hope emerged for LVO patients with the
HERMES meta-analysis confirmed a benefit of
EVT in the first 6 hours [3]. Despite the more
time allowed for intervention it was still relatively
narrow. A breakthrough in 2018 proved the
possibility of a good outcome of AIS due to LVO
with EVT as late as 18 or 24 hours from onset
according to DEFUSE-3 [4] and DAWN [5]
studies respectively. Both American and
European AIS guidelines rapidly adopted the
recommendation.

Despite the new hope, it was demanding as it
needs a proof of tissue viability or penumbra by
advanced imaging like Magnetic resonance
imaging (MRI) with clinical-diffusion mismatch or
MRI-perfusion or CT-perfusion with the need for
more time, contrast, and expensive software to
decipher the perfusion maps [6]. In ideal
conditions the recanalization rates can reach
between 75%-85% [7]. This translates to only
40%-50% of patients with good functional
outcomes. It is of note that the access to EVT
within 15 minutes in United States (US) is <20%
[8]. In some developed countries like United
kingdoms the service of EVT is not available on
24/7 basis due to lack of sufficient numbers of
well-trained staff [9].

In some developing countries in Asia, Africa, or
Latin America access to EVT may be less than
25% within 3 hours and much lower within 1 hour
[10]. Time from onset is detrimental factor for the
outcome of EVT. Different reasons exist for such
a disparity. Lack of good transportation roads
and efficient paramedics are among the top
causes. Other reasons include lack of awareness
of AIS recognition or available treatment [11]. In
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Egypt where a universal insurance cannot cover
all the country, the service is limited to certain
lightly populated regions. Economic problems
with the high cost of the procedure causes
periodic shortage of used materials. Limited
training centres caused insufficient numbers of
qualified staff with impossibility to cover the
service on a 24/7 basis. Lack of financial
compensations for the operating staff caused an
indirect shift of EVT to private hospitals causing a
class disparity in access to treatment with more
privilege to wealthy societies.

1.1 Aim

Aim to study the outcome of EVT vs BMT in LVO

in a poorly resourced regions in Egypt in
situations where IVT is not available or
contraindicated.
2. METHODS
We made a retrospective analysis of

prospectively collected registries in two regions
of Egypt, Tanta and Alexandria, from 2015 to
2020. We identified 2213 patients with AIS from
which 390 with anterior circulation LVO. We
defined LVO as internal carotid artery (ICA)
occlusion, middle cerebral artery (MCA) M1 or
M2 according to CTA, MRA or CT hyperdense
artery sign. For each patient, we collected age,
sex, medical comorbidities, time metrics, initial
examination vital signs and initial national
institute of health stroke scales (NIHSS) [12].
Contraindications for IVT were noted for each
case. Relevant imaging data included site of
arterial occlusion, Alberta Stroke Program Early
CT Scale (ASPECTs) [13]. Relevant available
laboratory data and possible aetiologies as
shown in Table 1. We compared two groups
based on modality to treatment either EVT or
BMT. Late onset was defined as >6 hours. We
sought the functional disability scale outcome by
3-months modified Rankin scale (m-Rs) [14] on
both ordinal and dichotomised points where m-
Rs (0-2) represents good outcome. Intracerebral
haemorrhage ICH was classified according to
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ECASS-3 classification into HI-1, HI-2, PH-1, PH-
2. Symptomatic ICH was defined as any ICH with
4 points of decline in NIHSS in the first 48
hours [15].

Mortality was recorded as m-Rs [6]. Two
qualified doctors (R.A and 0.Y) reviewed the
imaging for site of occlusion and ASPECTSs. In
case of disagreement, it was resolved
by (A.B). We classified aetiologies according to
TOAST classification. We collected m-Rs
outcomes by personal interviews if possible and
by phone-call in case of no show up to
follow up.

2.1 Statistics

Statistics were done by SPSS V.21. Data were
examined for normality by the Shapiro-Wilk test.
We used the Chi-square test for categorical data
and in case of expected cells less than 5 we
used fisher exact test. In case of numerical data
we used the Mann-Whithey test for
nonparametric data. Categorical data were
represented as percentages while numerical data

were represented as medians (m) and
interquartile ranges (IQR). Threshold for
significance  was 0.05. For independent

predictors we used logistic regression with a
forward likelihood ratio method after correction
for age and sex. The model was built in layers
where block one included age, sex and modality

of treatment and block two included
comorbidities and block three included other
variables. Independent predictors of good
outcome were represented by adjusted
odds ratio (AOR) and 95% confidence
interval (CI).

3. RESULTS

Table 1 shows the difference between the two
studied groups. There was no statistical
difference in age within BMT and EVT groups
[median (65) years vs. (62)] respectively. Males
represented 34.2% in BMT vs 43.2% in EVT. No
differences were noted in hypertension (HTN),
dyslipidaemia or atrial fibrillation (AF) but the
EVT group had statistically significant more
patients with DM [54% vs 35%, (p=0.004)] and
more smokers [35% vs. 5%, (p=0.000)]. We
noted more elevated systolic and diastolic BP in
EVT group [ systolic m=155 mmHg vs. m=140
mmHg, (p= 0.000)] while diastolic BP was
[mM=100 mmHg vs. m=90mmHg, (p=0.000)].
stroke severity by NIHSS was comparable in the
two groups [m=11 in EVT vs. m=12 in BMT,
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(p=0.77)]. We noted no difference in initial lab
data regarding random blood sugar (RBS). A
statistically higher initial WBCs in BMT against a
significant  elevated platelet count and
international normalized ration (INR) in EVT
group. On the level of imaging most of the
patients had CT scans. Median ASPECTs was
10 in both groups. The group of EVT had more
ICA [9.5% vs 1.6%, (p= 0.002)] and M1[63% vs.
24%,(p=0.000)] occlusion. On the other side
BMT group had more M2 occlusion [51% vs.
28%, (p=0.000)]. Regarding aetiology, embolic
stroke with unspecified source (ESUS) was more
prevalent in BMT [70.6% vs 51.4%, (p=0.002)]
while atherosclerosis was more prevalent in EVT
group [20% vs. 3.5%, (p=0.000)]. The outcomes
were better in the EVT group with more patients
achieving an m-Rs (0-2) [23% vs. 11.1%%,
(p=0.012)]. The median was 4 in both groups
with better IQR in EVT group (3-5). The group of
EVT had more ICH in both forms (any-ICH and
symptomatic-ICH). Despite less complications in
BMT group mortality was numerically higher but
with no statistically significant difference. Logistic
regression was done for the dichotomised m-Rs
outcome with the results shown in Table 2. The
most significant predictor of good functional
outcome was initial NIHSS [AOR(0.784), CI
(0.696:0.884), p=(0.000)] with every additional
point on NIHSS decreasing the odds of good
outcome by 0.784. this was followed by EVT
which increased the odds of good outcome by
5.2, [Cl (1.9:14.3), p=0.001]. Being female was
independent predictors of bad outcome while
being a male comparatively increased the odds
of good outcome by 5.9. each one point of INR
increased the odds of good outcome by 2.8 [CI
(1.226- 6.537), p= 0.015].

4. DISCUSSION

In this study we tried to through the light on the
missed opportunity and the results of the lack or
limited access to EVT in Egypt. Our results
shows that despite public reimbursement of the
procedure, the service is largely underutilised-at
least in the two represented regions- with only 74
(about 19%) of the study group undergoing EVT.
Possible barriers to access are mostly related to
not available materials on the public level due to
economic problems [16]. This results in a greater
number of cases to be done on a private basis to
afford for the extra-cost. The lack of sufficient
numbers of trained staff on the level of neuro-
interventionists or qualified nursing is another
factor. Less numbers means inability to cover the
totality of the time on emergency basis. Risk of
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radiation and compromised life-style can cause a
significant drop-out of trained staff to other
subspecialities. This is a worldwide problem that

Table 1. Bivariate analysis between the BMT and EVT groups

resulted in the search for trained staff in other
specialities like vascular surgery and sometimes
cardiology [11].

Best medical treatment Interventional group P value
group (N=316) (N=74)
Demographics
Age [median (IQR)] years 65 (55-75) 62(56-72) 0.642
Sex (male/female) 108/208 (34.2%1/65.8%) 32/42 (43.2%1/56.8%) 0.178
Vascular risk factors
HTN 189 (59.8%) 50 (67.6%) 0.235
DM 112 (35.4%) 40 (54.1%) 0.004*
smoking 15 (4.7%) 26 (35.1%) 0.000*
Dyslipidaemia 84 (26.6%) 26 (35.1%) 0.152
AF 91(28.8%) 21(28.4%) 1.000
Anticoagulation 41(13%) 3(4.1%) 0.026*
Onset to presentation
Early vs late window 226 (71.5%) 46(62.2%) 0.123
Initial Eamination data
BP SYS [median (IQR)] mmHg 140(130-150) 155(145-175) 0.000*
BP DIA [median (IQR)] mmHg  90(80-100) 100(90-110) 0.000*
Initial NIHSS [median (IQR)] 12(7-16) 11(7-17) 0.774
Initial lab data
RBS (mg/dl) [median (IQR)] 134.5 (116-156) 130(112.75-159.75) 0.677
WBCs (1000/dl) [median 7.2(6-8.9) 6.1(5.1-8) 0.005*
(IQR)]
Platelets (1000/dl) [median 256(193-281) 304.5(256.2-350.5) 0.000*
(IQR)]
INR [median (IQR)] 1.02(1-1.2) 1.06(1.05-1.33) 0.000*
Imaging
ASPECT [median (IQR)] 10(5-10) 10(10-10) 0.000*
Modality of imaging (CT vs 258 (81.6%) 66(89.2%)
MRI) 0.204
Site of occlusion
ICA 5(1.6%) 7(9.5%) 0.002*
M1 75 (23.7%) 47(63.5%) 0.000*
M2 162 (51.3%) 21 (28.4%) 0.000*
TOAST-classification
cardioembolic 82(25.9%) 21(28.4%) 0.663
atherosclerotic 11(3.5%) 15(20.3%) 0.000*
ESUS 223(70.6%) 38(51.4%) 0.002*
Outcomes
M-Rs (0-6) [median (IQR)] 4(4-5) 4(3-5) 0.009*
M-Rs (good vs bad) 35 (11.1%) 17(23%) 0.012*
Any-ICH 0(0%) 8(10.8%) 0.000*
Symptomatic ICH 0(0%) 5(6.8%) 0.000*
Mortality 50(15.8%) 9(12.2%) 0.477

AF; atrial fibrillation, ASPECTS; Alberta stroke program early CT score, BP; blood pressure, CT; computerized
tomography, DIA; diastolic, DM; diabetes mellitus, ESUS; embolic stroke of unspecified source,

HTN; Hypertension, ICA, internal carotid artery, ICH, intracerebral haemorrhage, INR; international normalized
ratio, IQR; interquartile range, M1; 1st part of MCA, M2; 2nd part of MCA, MRI; magnetic resonance imaging,
M-Rs; modified Rankin score, NIHSS; national institute of health stroke scale, RBS; random blood sugar,
Sys; systolic, WBC; white blood cell
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Table 2. Logistic regression for good outcome in the EVT group corrected for centre

Variable AOR (95% interval) P value
EVT 5.2 (1.895-14.298) 0.001
Age 0.983 (0.954-1.014) 0.284
Male sex 5.981 (2.083-17.175) 0.001
Initial NIHSS 0.784 (0.696-0.884) 0.000
INR 2.831 (1.226-6.537) 0.015
ICH 0.000 0.998

AOR; adjusted odds ratio, EVT; endovascular treatment, ICH; intracerebral haemorrhage, INR; international
normalized ratio, NIHSS; national institute of health stroke sacle
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Fig. 1. Forest plot of independent predictors of good functional outcome by m-Rs
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Fig. 2. Modified Rankin scale ordinal distribution in the two groups
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Other factors that may contribute to the limited
access is the delayed presentation of a lot of
patients either due to lack of awareness or
limited transportation. This could have resulted in
a lot of candidate patients presented beyond the
6 hours window of EVT. With the lack of
advanced imaging like MRI diffusion volumetry or
perfusion imaging, many potentially treated
patients are left with conservative treatment.

In our study, independent predictors of good
outcome included lower stroke severity by
NIHSS, EVT, increased INR and not being of
female sex. Stroke severity by NIHSS is one of
the detrimental factors in most studies. More
NIHSS may signify more affected tissue. In our
study ASPECTS was similar in the two groups.
The fact that most of the patients were imaged
with CT rather than MRI may contribute to the
discordance between NIHSS and ASPECTS.
Another possible explanation is damage of a
strategic areas like area 4 with more motor
disability on a modified Rankin scale [17].

Endovascular treatment is another independent
factor of good outcome in our study. It resulted in
improved odds by about five times. This is
reproducible in many other studies but the rate in
Egypt is about 20% [18]. Despite the better
outcome compared with the BMT, this is much
lower than observed results in international
studies. Causes may be due to over selection of
AIS patients (younger patients with less NIHSS)
or the condensation of the service in private
sector leaving a potential part with conservative
treatment only. Another cause may be the lack of
specialized neurological intensive care units.

In our study, female sex was independently
associated with worse functional outcome. This
was similar to the findings of other studies in UK
with a suggestion of reduced mortality and
increased fragility with older age and comorbid
depression and anxiety. Also, females were more
represented in the BMT group. This may signify
less access of females to better health care [19].

Increased INR proportionally increased the odds
of good outcome. This wasn’'t observed in
previous study as Huanwen Chen et al. [20]
observed the inverse in EVT. With possible
explanation of increased rates of ICH. Older
research noted less severity and better outcomes
in anticoagulated patients treated conservatively.
Explanations may be improved rheology and
lower rates of re-occlusion or extension of
thrombus [21].
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5. CONCLUSION

Conclusion despite the lower rates of access to
EVT it is still of substantial benefit to AIS
patients. Improved access and studying the
barriers to better service could establish a
service that may decrease the extra-cost of
disabled patients with special attention to female
sex.

Our study has limitations regarding the lower
number of patients treated with thrombectomy in
comparison to developed countries which may
reduce generalization of the results.
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