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Chapter 1 Introduction 
 

1.1 Context 
Ischaemic stroke accounts for a large amount of disability (95,000 years lived with disability) 
and mortality (25,000 deaths/year) in South Africa (1). Management strategies are directed at 
prevention by controlling major risk factors like hypertension, diabetes, dyslipidaemia and 
heart disease. Direct treatment aimed at reopening occluded cerebral vessels became 
available with the introduction of tissue plasminogen activator. Thrombolysis has potential 
benefit if offered within 4,5 hours of symptom onset and prevents disability and death in 143 
patients for every 1000 treated. If trial inclusion and exclusion criteria for lysis are adhered to 
then 30% of all ischaemic stroke patients could benefit (2). Access to thrombolysis in public 
South African hospitals is limited. Strategies aimed at improving outcomes further and 
expanding the time window of treatment have focused on intra-arterial approaches, initially 
with thrombolytics and later mechanical clot removal. This applies mostly to patients with 
large vessel occlusion (LVO) where the clot burden makes intravenous thrombolysis less 
successful. Endovascular treatment trials had variable results until 2015 when five 
randomized controlled trials (RCTs) were completed. They demonstrated a high treatment 
effect of patients treated with mechanical thrombectomy (MT) having better functional 
outcomes at three months compared to best medical therapy alone (3). Mechanical 
thrombectomy is however resource intensive requiring trained endovascular 
interventionalists, cath lab resources and costly endovascular devices. Not surprisingly, all 
five RCTs were done in high income countries. Limited data is available to determine if 
similar outcomes could be achieved in lower resourced settings where time delays may be 
longer, device access restricted and after care and rehabilitation limited. In 2018 an acute 
stroke treatment guideline based on recommendations from the American Stroke Association 
(4) was implemented to improve referral and treatment pathways for acute stroke at Groote 
Schuur Hospital (GSH). The GSH stroke treatment guideline aims to rapidly select patients 
with large vessel occlusion and expedite treatment with mechanical thrombectomy. All 
patients get a computerised tomography (CT) scan at 24 hours after treatment and are 
clinically reviewed at 90 days post treatment. Outcome is recorded using the modified 
Rankin score (mRS). We conducted an audit of the clinical and interventional outcomes of 
patients who underwent mechanical thrombectomy from the 1st of January 2018 to the 1st of 
January 2022. We describe our disability, mortality, and recanalization outcomes of MT for 
acute LVO stroke to assess its efficacy and safety in a South African public health care 
system, and analyse factors associated with these outcomes. We also compared our results to 
published data from a RCT in a comparable LMIC (5) and other published trials. 
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1.2 Ethical considerations 
The research protocol was presented and approved by the Surgical Department Research 
Committee for approval (Project 2019/073), followed by ethics approval by the University of 
Cape Town's Human Research Ethics Committee (HREC REF 444/2019) and finally an 
application to Groote Schuur Hospital for institutional approval. 

 
1.3 Author guidelines of the Journal 
Chosen journal: Interventional Neuroradiology (INR) – SAGE Journals 
INR is a peer-reviewed clinical practice journal documenting the current state of interventional 
neuroradiology worldwide. INR publishes original clinical observations, descriptions of new 
techniques or procedures, case reports, and articles on the ethical and social aspects of related 
health care. Original research published in INR is related to the practice of interventional 
neuroradiology. This journal is a member of the Committee on Publication Ethics (COPE). It 
has a 5-year impact factor. The ISSN is 1591-0199 for print and 2385-2011 for the electronic 
version. The online link is: https://journals.sagepub.com/home/ine, 

 
Journal Instructions to Authors for Original Papers (also see appendix 4) 

Abstract: No more than 300 words; 3 to 5 keywords; no references. 
Main Body: The manuscript is written in Helvetica or Times New Roman (12-point size) 
font. References are written in the Vancouver style; numbered in order they appear. 
The manuscript adheres to the word limits and reference limits: 

Original research 4000 words; 40 references. 
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Chapter 2 Publication-ready manuscript 

Outcomes of mechanical thrombectomy at a single-centre tertiary 
level public health care hospital in South Africa 

Martin Muthinja Kiriinya1, Kathleen Bateman2, David Le Feuvre 1, Allan Taylor1 

1. Department of Neurosurgery, University of Cape Town and Groote Schuur Hospital, Cape Town,
Western Cape, South Africa.

2. Department of Neurology, University of Cape Town and Groote Schuur Hospital, Cape Town,
Western Cape, South Africa

Abstract: 
Introduction: 
Mechanical thrombectomy (MT) is standard of care for acute ischaemic stroke from large 
vessel occlusion (LVO) following randomized controlled trials performed largely in high- 
income countries. Limited data exists on its effectiveness in the setting of low- and middle- 
income countries (LMIC). We aimed to evaluate the safety and efficacy of MT in a tertiary 
level public hospital in Cape Town, South Africa. 
Methods: 
Patients with acute ischaemic stroke presenting consecutively to Groote Schuur Hospital 
between 01 January 2018 to 01 January 2022 with proximal intracranial occlusion in the 
anterior circulation treated with MT within 6 hours from onset using CT and CTA imaging- 
based protocols were evaluated. Demographic, clinical, radiological, and procedural data 
were obtained from the stroke unit database. Recanalization was evaluated post-procedure 
by modified Treatment in Cerebral Infarction score (mTICI). Functional independence 
(modified Rankin scores (mRS) 0-2) and mortality at 90 days were also assessed. 
Results: 
Thrombectomies were performed in 84 patients during the study period. The median age 
was 56 years (IQR) and 51% of participants were female. Median National Institute of 
Health Stroke Score was 18 and median baseline Alberta Stroke Programme Early CT score 
was 8. Bridging thrombolysis was given to 65% of participants. Median time from symptom 
onset to reperfusion was 339 minutes (IQR). Successful recanalization (mTICI 2b/3) was 
obtained in 62%. At 90 days, 34 % of participants gained functional independence and 
mortality was 34%. 
Conclusion: 
This study demonstrated similar rates of recanalization and functional independence to that 
seen in trials in high-income countries using basic imaging despite a higher mortality and 
longer median time to reperfusion. This data supports the effectiveness of MT in a tertiary 
level public hospital in South Africa despite the challenges of providing emergent stroke care 
in a resource-constrained setting. 

Key words: mechanical thrombectomy, low-and-middle-income country, outcomes, south 
africa 



12  

INTRODUCTION 

The benefit of mechanical thrombectomy (MT) in the treatment of acute ischaemic stroke 
due to large vessel occlusion (LVO) of the anterior circulation was established following 
five major randomized clinical trials in 2015, which demonstrated better functional 
outcomes at three months compared to best medical therapy alone (1, 2, 3, 4, 5). Pooled 
analysis of these trials by Hermes group. showed that MT was effective overall and within 
sub-groups under-represented in the individual trials, such as the elderly, patients not 
receiving IV alteplase and those treated later than 300 minutes after stroke onset (6). 
Subsequent trials have shown consistent superiority of MT compared to best medical 
treatment alone. Favorable outcomes have moreover been reported in the extended time 
periods up to 24 hours for patients carefully selected using advanced imaging (7, 8), in 
patients undergoing MT without thrombolysis (9) and in resourced constrained healthcare 
systems compared to the earlier trials (10, 11). 

 
 

At Groote Schuur Hospital, we conducted a retrospective review of the clinical and 
interventional outcomes of patients who underwent MT from 1st January 2018 to 1st January 
2022, utilizing protocol-based recommendations from the updated American Stroke 
Association guidelines of 2015(12) for the management of acute ischemic stroke due to 
LVO of the anterior circulation. We describe our disability, mortality, and recanalization 
outcomes of MT for acute LVO stroke to assess its efficacy and safety in a South African 
public health care system, and analyse factors associated with these outcomes. We 
thereafter compare our results to published data from a randomized control trial in a 
comparable LMIC, namely Brazil (10), as well as other similar published trials. 

 
METHODOLOGY 

Study Design 

A single centre retrospective review study. The study was approved and overseen by the 
Department of Surgery Research Committee (Project 2019/073) and Human Research 
Ethics Committees at Groote Schuur Hospital (GSH) (HREC ref 444/2019). 

 
 

Data Collection Methods 

Neurovascular procedural reports for all patients undergoing MT for LVO from the 1st 
January 2018 to the 1st January 2022 were identified and cross-referenced with the GSH 
Stroke Unit clinical database. Data was extracted from the clinical database, and missing 
data obtained from folders, imaging, and telephonic interviews. All digital subtraction 
angiograms, pre- and post-procedure, were independently reviewed by the author (MMK) 
and stroke neurologist (KB) to determine the location of the initial large vessel occlusion 
and mTICI score. Discrepancies were resolved by consensus decision with an interventional 
neurosurgeon (AT/DLF). 
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Participants 

All patients undergoing MT for LVO at GSH from the 1st January 2018 to the 1stJanuary 
2022 were included. Eligible patients were above 18 years of age, pre-stroke score of 0 or 
1 on modified Rankin scale (mRS), a clinical baseline of 6 or higher on the National 
Institutes of Health stroke Scale (NIHSS), with an arterial occlusion of the internal carotid 
artery (ICA), the first segment of middle cerebral artery (M1) or both confirmed by 
Computed Tomographic Angiography (CTA) who had a baseline Alberta Stroke Program 
Early CT Score (ASPECT) above five and treatment initiated within 6 hours from stroke 
onset. 

 
 

Intervention 

After triage in the emergency department, the stroke team reviewed and identified patients 
who met the clinical and radiological criteria for MT according to local hospital acute 
stroke protocols (Appendix 5). Patients who arrived within 4.5 hours and without 
contraindication to thrombolysis were given 0.9mg/kg of IV alteplase (IVT). 

 
 

MT was performed by experienced neuro-interventionalists: 2 neurosurgical consultants, 1 
neurosurgical endovascular fellow and 1 consultant interventional radiologist. All cases 
were done under general anesthesia. Neuro-interventional techniques included both Direct 
Aspiration First Pass Technique (ADAPT) and use of stent retriever with Aspiration 
(SOLUMBRA), at the discretion of the treating neuro-interventionalist. After the procedure, 
patients were admitted to a neurocritical care unit for at least 24hrs for monitoring and 
optimized blood pressure management before transfer to a specialized post-acute stroke 
ward for continued best medical therapy and rehabilitation. 

 
 

Outcome Variables 

The primary outcome was the proportion of MT patients achieving a mRS of 0-2 (no or 
mild disability) or 6 (death) at 90-days post-stroke. The mRS is routinely evaluated at 
follow-up either in-person or telephonically by the attending neurologists at the post- 
reperfusion stroke clinic. For those patients with missing outcome data, telephonic 
assessment was carried out by a study investigator (MMK). The secondary outcome was the 
proportion of MT patients achieving successful post-procedure recanalization defined by a 
modified Thrombolysis in Cerebral Infarction Scale (mTICI) grade of 2b, 2c or 3. 

 
Statistical analyses 
Descriptive data were generated as median and interquartile ranges for continuous variables, 
and frequencies and proportions for categorical variables. Analyses were run with SPSS 
Version 26, with the threshold for statistical significance set at p = 0.05. 

 
Comparison of the current dataset to RESILIENT, 2020 (Brazil): 
Our data was compared to the RESILIENT trial, 2020(Brazil). One sample Wilcoxon rank 
tests were used to compare continuous variables to the RESILIENT data, and one sample 
binomial tests were used for the categorical variable comparisons. 
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Predictors of modified Rankin scale scores and successful recanalization: 
Three separate logistic regression analyses were used to assess the predictors of (a) a mRS of 
0-2; (b) a mRS of 6 (which indicates the patient died), and (c) successful recanalization 
defined as a mTICI Grade of 2b–3. Univariate analyses were run for between-group 
comparisons (independent sample t-tests for continuous variables and chi-square for 
categorical variables). Variables identified as having a significant difference/association with 
the outcome variables in the univariate analyses were entered into the regression model as 
predictors. Backwards stepwise logistic regression analyses were run to determine which 
variables from the univariate analyses remained significant predictors of the outcome 
variables. 

 
RESULTS 

 
Participants 
From the 1st January 2018 to the 1st January 2022, a total of 84 patients had MT done. The 
median age was 55.5years, 43 (51.1%) were female. The median NIHSS score was 18 (IQR, 
15-21). The baseline median ASPECT was 8 (IQR, 7-9) and 7 (8.3%) of whom had ASPECT 
score of less than 6. 55 (65.5%) received IV thrombolysis. Occlusion sites included M1 in 41 
(48.8%), Carotid terminus in 21 (25%), Tandem ICA in 18 (21.4%) and M2 & M3 level in 4 
(4.8%) patients respectively (Figure 1). 
When comparing patient baseline characteristics between our study and RESILIENT, the 
following significant differences were found. Our patient group was younger (p= < .001), and 
we had a significantly lower proportion of patients with stroke in the left hemisphere (p = 
.039), significantly higher proportion of patients with M1 and extracranial(tandem) occlusion 
(p=<.001) and a significantly higher proportion of patients with atrial fibrillation (p = .005) 
but significantly fewer patients with congestive cardiac failure (p = .002). (Table 1). 
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Table 1. Baseline patient characteristics of cohorts from Cape Town and Brazil 

Variable Cape Town 
N = 84 

Brazil 
N = 111 p-value

Age – Years – no. (%) 84 (100%) 
median (IQR) 55.5 (46.3-66) 65 (54-77) < .001 

Female – no. (%) 43 (51.2) 51 (45.9) 
NIHSS – no. (%) ‡ 77 (91.6) 

median (IQR) 18 (15-21.5) 18 (14–21) .979 
Location of stroke in left hemisphere – no. (%) 40 (47.6) 64 (57.7) .039 
Medical History – no. (%) 

History of stroke or TIA 12 (14.2) 14 (12.6) .393 
Atrial Fibrillation 20 (23.8) 15 (13.5) .005 
Diabetes Mellitus 24 (28.6) 23 (20.7) .050 
Hypertension 60 (71.4) 70 (63.1) .071 
Current or Past Tobacco use 44 (52.4) 
Ischemic Heart Disease 13 (15.5) 
Congestive Cardiac Failure 6 (7.1) 22 (19.8) .002 

Systolic Blood Pressure (mmHg) – no. (%) 77 (91.7) 
median (IQR) 144 (128-160) 144 (130–162) .445 

Glucose level at hospital arrival – no. (%) - 75 (89.2) 
median(mmol/L) 7 (5-9) 6.9 (6–8.2) 

Baseline ASPECTS – no. (%) † 83 (98.8) 
median (IQR) 8 (7-9) 8 (7–9) .072 

CT or CTA Performed - no. (%) 83 (98.8) 110 (99.1) .195 
Level of Occlusion ‖ 

M1 – no. (%) 28 (33.3) 88 (79.3) < .001 
Carotid T – no. (%) 20 (23.8) 23 (20.7) .192 
Tandem – no. (%) 17 (20.2) 9 (8.1) < .001 
M2 or M3 – no. (%) 9 (10.7) 

IV Thrombolysis Done – no. (%) 51 (60.7) 76 (68.5) .078 
‡ Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with 
higher scores indicating more severe neurologic deficits 

† The Alberta Stroke Program Early Computed Tomography Score (ASPECTS) ranges from 
0 to 10, with higher scores indicating smaller infarct core. 

‖ Level of Occlusion was determined based on digital subtraction angiogram. 
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Procedural Outcome 
Intravenous thrombolysis was started at a median of 175 minutes (IQR, 135.8-210) for 32 
(65.5%) of the eligible patients. Median time of stroke onset to groin was 297 minutes, (IQR, 
236-350). Median procedural duration (groin puncture to recanalization) was 39 minutes
(IQR, 23-58). Median time of onset to reperfusion was 339 minutes (IQR, 287 – 394). (Table
2)

Table 2. Treatment pathway time variables* 
Variable Cape Town 

N = 84 
Brazil 
N =111 

P - value 

Prehospital delay – no. (%) 82 (97.6) 
median (IQR) 120 (75.8-181.8) 136 (107-160) .223 

Door to scan – no. (%) 77 (91.7) 
median (IQR) 56 (32.5-95) 27 (9 – 78) < .001 

Scan to groin - no. (%) 79 (94.0) 
median (IQR) 80 (59-134) 96 (70 -141) .711 

Door to groin -no. (%) 82 (97.6) 
median (IQR) 168 (117.8-218) 116 (89-213) < .001 

Groin to recanalization – no. (%) 82 (97.6) 
median (IQR) 39 (22.8-58.25) 41 (31-69) .961 

Onset to groin -no. (%) 81 (96.4) 
median(IQR) 297 (234.5-352.5) 

Onset to recanalization -no. (%) 81 (96.4) 
median (IQR) 339 (285-394) 300 (217 – 448) < .001 

Onset to needle -no.(%) 32(65.5) 
median 175(135.3-210) 170(132-213) .594 

Door to needle -no.(%) 31(56.4) 
median 54(37-100) 

* Time measured in minutes

The table shows workflow metrics, measured in time spent on consecutive steps from stroke 
onset to recanalization, in comparison to RESILIENT study metrics. 

When comparing time with RESILIENT, we had a significantly longer door to scan time and 
door to groin (p < 0.001) and a proportionately longer time to recanalization (p=< 0.001). 
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Primary and Secondary Outcomes 
The primary outcome, mRS at 90 days was collected from seventy-four patients, of which 
25(33.9%) were functionally independent with mRS 0,1 or 2 and 25(33.8%) died (mRS 6). 
Successful recanalization, mTICI 2b,2c, and 3 was achieved in 52(61.9%) The procedure 
failed in 2 patients; 1 due to stenosis of cervical segment of ICA limiting access to the clot 
and the second patient had a blister aneurysm that bled. Both patients were included in the 
study as a mTICI 0. 
Comparative statistical analysis done with a one sample binomial test on primary and 
secondary outcomes indicated that proportion of patients with mRS of 0-2 was similar 
between our study and RESILIENT study(p=0.488), proportion of patients who died, mRS of 
6 was significantly higher in our sample and proportion of patients with successful 
recanalization was significantly higher in RESILIENT study compared to ours (P<0.001). 
(Table 3) 

Table 3. Primary and Secondary Outcomes 

Cape Town 
N= 84 

Brazil 
N= 111 p-value

Primary Outcomes at 90 days: 
Functional independence (mRS 0-2) - no. (%) 
Mortality rate (mRS 6) – no. (%) 

25 (33.8) 
25 (33.8) 

39 (35.1) 
27 (24.3) 

.488 

.039 
Secondary Outcome: 

Successful post-procedural recanalization (mTICI 2B- 
3) – no. (%) 52 (61.9) 91 (82.0) < .001 
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mRs 0 
90 Day mRS

mRS 1 mRS 2 mRS 3 mRS 4 mRS 5 mRS 6 

OVERALL  6,8% 20,3% 6,8%  9,5% 17,6% 5,4% 33,8%

NON IV 
ALTEPAS  3,6%  14,3% 7,1% 7,1% 

E 
25,0% 3,6% 39,3%

IV 
ALTEP

AS  E 
8,7% 23,9% 6,5% 10,9% 13,0% 6,5% 30,4

 

Figure 1. Scores on Modified Rankin Scale at 90days 

A. Patients in our study according to use or non-use of IV alteplase and the overall
outcome (Cape Town)

% 

B. Comparison between overall outcome in our study and Intervention Group of
RESILIENT(Brazil) trial

90 Day mRS 

CAPE 
TOWN 

BRAZIL 

Scores on the modified Rankin Scale range from 0 to 6: 0 indicating no symptoms at all; 1, 
No significant disability despite symptoms; 2, slight disability; 3, moderate disability; 4, 
moderately severe disability 5, severe disability and 6, death. 

Panel A; Shows mRS percentages of patients eligible for IV altepase, those not eligible and 
overall, in our study. IV altepase group had better functional outcome and less mortality 
compared to those not eligible. 

Panel B: Shows mRS percentages of patients in our study compared to the RESILIENT trial. 

mRs 0 mRS 1 mRS 2 mRS 3 mRS 4 mRS 5 mRS 6 

6,8% 20,3% 6,8% 9,5% 17,6% 5,4% 33,8% 

8,0% 12,0% 15,0% 22,0% 13,0% 6,0% 24,0% 
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Predictors of disability, mortality, and successful recanalization 
Predictors of modified Rankin scale scores 0-2 
Univariate variate analyses found a significant association between a mRS of 0-2 and Carotid 
T, NIHSS, and ASPECT (see Table 4). There was a trend towards a significant association 
with age and NIHSS. These significant variables were entered into a logistic regression 
model. The final model was statistically significant (χ2 = 13.13, p = 0.004), correctly 
classified 76.1% of patients, and had a Nagelkerke R2 of 0.248. Patients with a mRS score of 
0-2 were less likely to have Carotid T occlusion site, were younger in age, and had a higher
ASPECT score. (Table 4)

Table 4. Associations with mRS of 0-2 
Variable B p OR 95% CI 
Univariate analysis 

Carotid T 4.78 0.029* 0.20 0.04 – 0.95 
Age -0.04 0.075 0.97 0.93 – 1.00 
NIHSS -0.10 0.062 0.90 0.81 – 1.01 
ASPECT 0.41 0.037* 1.51 1.03 – 2.21 

Multivariate analysis 
Carotid -1.42 0.094 0.24 0.05 – 1.27 
Age -0.06 0.023* 0.95 0.90 – 0.99 
ASPECT 0.46 0.050* 1.59 1 – 2.53 

*p < 0.05
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Predictors of modified Rankin scale scores of 6 
Univariate variate analyses found a significant association between mRS of 6 and 
hypertension, Carotid T, and time from scan to groin (see Table 5.). There was also a trend in 
a significant association with time from door to scan. These variables were entered into a 
logistic regression model. The final model was statistically significant (χ2 = 24.12, p < 0.001), 
correctly classified 83.3% of patients, and had a Nagelkerke R2 of 0.475. Patients with a mRS 
score of 6 were more likely to have Carotid T occlusion site, more likely to have 
hypertension, had a longer Door to scan time but a shorter scan to groin time. (Table 5) 

Table 5. Associations with mRS of 6 
Variable B P OR 95% CI 
Univariate analysis 

Hypertension 2.12 0.040* 8.31 1.11 – 62.44 
Carotid T 1.94 0.035* 6.93 1.15 – 41.97 
Door to scan 0.01 0.095 1.01 0.99 – 1.02 
Scan to groin -0.15 0.014* 0.99 0.97 – 0.99 

Multivariate analysis 
Hypertension 1.94 0.045* 6.94 1.05 – 46.03 
Carotid T 2.19 0.013* 8.98 1.59 – 50.64 
Door to scan 0.02 0.023* 1.02 1.00 – 1.04 
Scan to groin -0.02 0.018* 0.98 0.96 – 1.00 

*p < 0.05
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Predictors of successful recanalization (Grade 2b-3) 
Univariate variate analyses found a significant association between successful recanalization 
and previous stroke, Atrial Fibrillation, and time from groin to perfusion (see Table 6). These 
significant variables were entered into a logistic regression model. The final regression model 
was statistically significant (χ2 = 15.39, p < 0.001), correctly classified 68.3% of patients, and 
had a Nagelkerke R2 of 0.234. Patients with successful recanalization were less likely to have 
had a previous stroke, but more likely to have atrial Fibrillation. (Table 6) 

Table 6. Associations with Grade 2b-3 
Variable B P OR 95% CI 
Univariate analysis 

Previous stroke -3.65 0.015* 0.03 0 – 0.49 
Atrial fibrillation 2.29 0.032* 9.91 1.22 – 80.38 
Groin to perfusion 
time 

-0.02 0.043* 0.98 0.96 – 0.99 

Multivariate analysis 
Previous stroke -3.69 0.012* 0.03 0 – 0.45 
Atrial fibrillation 2.43 0.022* 11.37 1.42 – 91.33 

*p < 0.05
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DISCUSSION 

South Africa is one of the most highly populated countries in Sub-Saharan Africa with a 
population of 56million people(13). Just like many Lower- and Middle-Income Countries 
(LMICs), stroke is a major cause of morbidity and mortality; and was declared a catastrophic 
illness in South Africa in October 2007(14). Although the incidence is not known, the age- 
standardized prevalence of stroke is estimated at 290 per 100,000(15). Ischaemic stroke 
accounts for a large amount of disability (95,000 years lived with disability) and mortality 
(25,000 deaths/year) in South Africa(16). GSH is one of two tertiary level public hospitals 
with endovascular capabilities in Cape Town, a city with an estimated population of 3.7 
million people(17). 

Standardized stroke protocols were implemented at GSH in 2018 utilising uncontrasted CT 
brain and CT angiography to select patients with acute ischemic stroke due to LVO for MT 
(Appendix 5), using criteria similar to that used in the Mr CLEAN study performed in the 
Netherlands (2015). This retrospective analysis of data from 01 January 2018 reveals 
recanalization rates and 3-month disability outcomes comparable to Mr CLEAN and 
RESILIENT(Brazil) studies, supporting the effectiveness of MT in middle-income countries 
despite the challenges facing health systems in this setting. 

Our primary outcome was evenly distributed in thirds, -one third of the patients achieved 
functional independence (mRS 0-2), one third dependant (mRS 3-5) and a third mortality 
(mRS 6) at 90days. Young age and higher ASPECT scores had positive predictive value for 
mRS 0-2. Our study had a younger population, with a median age of 55 years at presentation 
compared to currently published trials from RESILIENT and HERMES Collaboration where 
their median age was 65 and 68 years respectively. No specific factors were identified in our 
study as likely cause of stroke at younger age compared to population in other trials. Seven 
(8.3%) of the patients included in this study had APECT scores lower than 6 and therefore 
were likely to have had a larger a much larger ischaemic core prior to treatment. MT in 
patients with a larger ischaemic core may be effective in improving overall disability but 
fewer patients with large core infarcts achieve functional independence compared to those 
with small ischaemic core. (18). 

The secondary outcome, mTICI 2b-3 was achieved in 62% of the patients. Success of 
recanalization has been identified as one of the most important modifiable factors affecting 
disability (19) however it did not reach statistical significance in this study. 

Patients who received thrombolysis had trend towards higher functional independence and 
lower mortality rate at 90days. All patients who received thrombolysis, barring two patients 
referred from a private Hospital, were administered intravenous alteplase at our facility. Both 
‘mothership’ and ‘drip-and-ship’models of acute stroke are employed in the state-funded 
hospital referral networks in Cape town but the ‘mothership’ model predominates, 
particularly after hours where services and expertise may not be available at smaller 
facilities. 

Due to limited resources, less established stroke triage and response systems compared to 
higher income countries, there were pre-hospital and in-hospital delays, and ultimately 
longer time to treatment. Median time from symptom onset to recanalization was 
339minutes, which is much higher than what has been reported in other centres -including 
RESILIENT trial who had median time of 300minutes (10). Onset to groin time has been 
shown to be an independent factor that affects success of recanalization (20), and our results 
indicate the need for improved in-hospital management protocols and performance to 
optimise outcomes. Some of the factors that contributed to in-hospital delays included lack 
of pre-hospital 
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notification, delay in folders retrieval and triage, time to scan and the time to assemble the 
on-call stroke teams after decision is made. Long door to scan time was one of the factors 
associated with mortality in our study. (Table 5) 

The long onset to groin time also highlighted the potential benefit for having advanced 
perfusion-based imaging which would improve patient selection, as well as be used to 
evaluate and add on patients who arrive to hospital during the extended window period with 
clinical deficit infarct volume mismatch (7, 8). 

Despite, a higher mortality rate, we achieved comparable results to other trials. The 
percentage of patients with mRS of 0-2 of 33.8% in our study was comparable to MR 
CLEAN, 32.6%, and RESILIENT trial 39% which even though was slightly higher, a one- 
sample binomial test showed the difference was not significant. Whilst RESILIENT trial 
selection criteria was more accommodative, extending eligibility time of stroke onset to 
treatment up to eight hours; 50(45%) of their participants in the intervention group were 
selected based on advanced CT perfusion imaging. They also achieved an overall 
significantly higher recanalization rate of 82% and lower mortality of 24.3%. The mortality 
rate of 33.8% found in our study, is the highest compared to the currently published 
randomized control trials. Hypertension, Carotid T level of occlusion, longer time to scan, 
and scan to groin were found to have significant association. Even though no clear 
statistically significant mortality benefit is established in previous outcome studies of MT 
compared to the best standard medical therapy alone, there is a trend in favour of MT. (21) 
Our study being retrospective and non-randomized we were not able to compare our 
outcomes to standard medical therapy alone. 

Conclusion 

Our study represents a real-life scenario and outcome in a public healthcare system in Sub- 
Saharan Africa. We achieved similar rates of recanalization (61.9%) and functional 
independence (33.9%) to that seen in published trials from high-income and other LMICs 
using basic imaging despite a higher mortality and longer median time to reperfusion. 
These data support the effectiveness of MT in a public hospital in south Africa despite the 
challenges of providing emergent stroke care in a resource-constrained setting. 

Strengths 
The data is from a high-volume state hospital that offers comprehensive stroke care in South 
Africa. 

Limitations 
Some of the limitations of our study included loss to follow up of 10(12%) of the patients 
by the 90th day. Being a real life retrospective non-randomized study, with MT as standard 
of care for eligible patients, there was no control group with standard medical therapy 
alone to compare our outcomes to. The outcomes were assessed by the investigators who 
are part of the stroke team involved in the management of the patients. 



24 

Author contributions: 
MMK, AT, KB assisted with data collection. MMK, KB, AT and DLF analyzed the data. 
All authors had access to the data set, assisted with data review and manuscript 
preparation, and approved the final manuscript. 
Declaration of conflict of interests: 
None 
Funding 
None 



25 

References 
1. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. 
A randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med. 
2015;372(1):11-20.
2. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. 
Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J Med. 
2015;372(11):1009-18.
3. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, et al. Stent-retriever 
thrombectomy after intravenous t-PA vs. t-PA alone in stroke. N Engl J Med.
2015;372(24):2285-95.
4. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al. 
Thrombectomy within 8 hours after symptom onset in ischemic stroke. N Engl J Med. 
2015;372(24):2296-306.
5. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al. 
Randomized assessment of rapid endovascular treatment of ischemic stroke. N Engl J Med. 
2015;372(11):1019-30.
6. Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell PJ, Demchuk AM, et al. 
Endovascular thrombectomy after large-vessel ischaemic stroke: a meta-analysis of 
individual patient data from five randomised trials. The Lancet. 2016;387(10029):1723-31.
7. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. 
Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging. N Engl J 
Med. 2018;378(8):708-18.
8. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. 
Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct. N 
Engl J Med. 2018;378(1):11-21.
9. Suzuki K, Matsumaru Y, Takeuchi M, Morimoto M, Kanazawa R, Takayama Y, et al. 
Effect of Mechanical Thrombectomy Without vs With Intravenous Thrombolysis on 
Functional Outcome Among Patients With Acute Ischemic Stroke: The SKIP Randomized 
Clinical Trial. JAMA. 2021;325(3):244-53.
10. Martins SO, Mont'Alverne F, Rebello LC, Abud DG, Silva GS, Lima FO, et al. 
Thrombectomy for Stroke in the Public Health Care System of Brazil. N Engl J Med. 
2020;382(24):2316-26.
11. Muir KW, Ford GA, Messow CM, Ford I, Murray A, Clifton A, et al. Endovascular 
therapy for acute ischaemic stroke: the Pragmatic Ischaemic Stroke Thrombectomy 
Evaluation (PISTE) randomised, controlled trial. J Neurol Neurosurg Psychiatry.
2017;88(1):38-44.
12. Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, et al. 2015 
American Heart Association/American Stroke Association Focused Update of the 2013 
Guidelines for the Early Management of Patients With Acute Ischemic Stroke Regarding 
Endovascular Treatment: A Guideline for Healthcare Professionals From the American Heart 
Association/American Stroke Association. Stroke. 2015;46(10):3020-35.
13. Statistics South Africa. (2016). Retrieved from stats sa Department statistics South Africa: 
https://www.statssa.gov.za/
14. Bryer, A., et al. (2010). "South African guideline for management of ischaemic stroke and 
transient ischaemic attack 2010: a guideline from the South African Stroke Society (SASS) and 
the SASS Writing Committee: guideline." South African Medical Journal 100(11): 750-778.
15. Connor MD, Thorogood M, Casserly B, Dobson C, Warlow CP, Team SP. Prevalence 
of stroke survivors in rural South Africa: results from the Southern Africa Stroke Prevention 
Initiative (SASPI) Agincourt field site. Stroke. 2004;35(3):627-32.
16. Bertram M, Vos T, Bradshaw D, Hofman K. The Disability Adjusted Life Years Due 
to Stroke in South Africa in 2008. International journal of stroke : official journal of the 
International Stroke Society. 2013;8.
17. Statistics Department South Africa. (2011). Retrieved from stats sa Department statistics
South Africa: https://www.statssa.gov.za/?page_id=1021&id=city-of-cape-town-municipality.



26 

18. Yoshimura S, Sakai N, Yamagami H, Uchida K, Beppu M, Toyoda K, et al.
Endovascular Therapy for Acute Stroke with a Large Ischemic Region. N Engl J Med.
2022;386(14):1303-13.
19. Beyeler M, Weber L, Kurmann CC, Piechowiak EII, Mosimann PJ, Zibold F, et al.
Association of reperfusion success and emboli in new territories with long term mortality
after mechanical thrombectomy. J Neurointerv Surg. 2022;14(4):326-32.
20. Saver JL, Goyal M, van der Lugt A, Menon BK, Majoie CB, Dippel DW, et al. Time
to Treatment With Endovascular Thrombectomy and Outcomes From Ischemic Stroke: A
Meta-analysis. JAMA. 2016;316(12):1279-88.
21. Katsanos AH, Malhotra K, Goyal N, Palaiodimou L, Schellinger PD, Caso V, et al.
Mortality Risk in Acute Ischemic Stroke Patients With Large Vessel Occlusion Treated With
Mechanical Thrombectomy. J Am Heart Assoc. 2019;8(21):e014425.



27 

Appendix 1: Department of Surgery Research Committee Approval 



28 

Appendix 2: University of Cape Town's Human Research Ethics Committee approval 



29 

Appendix 3: Groote Schuur Hospital institutional approval 



30  

Appendix 4: Instructions to the author (INR - SAGE) 
 
 
 
 
 
 
 
 



31  

Appendix 5 
 
 


	Outcomes of mechanical thrombectomy at a single-centre tertiary level public health care hospital in South Africa
	Student number: KRNMAR012
	INSTITUTION
	CORRESPONDENCE
	DECLARATION
	DEDICATION
	ACKNOWLEDGEMENTS
	CERTIFICATION
	LIST OF ABBREVIATIONS
	Chapter 1 Introduction
	1.1 Context
	1.2 Ethical considerations
	1.3 Author guidelines of the Journal
	Chosen journal: Interventional Neuroradiology (INR) – SAGE Journals
	Journal Instructions to Authors for Original Papers (also see appendix 4)

	References
	Chapter 2 Publication-ready manuscript


	Outcomes of mechanical thrombectomy at a single-centre tertiary level public health care hospital in South Africa
	Abstract:
	Introduction:
	Methods:
	Results:
	Conclusion:
	INTRODUCTION
	METHODOLOGY
	Study Design
	Data Collection Methods
	Participants
	Intervention
	Outcome Variables
	Statistical analyses
	Comparison of the current dataset to RESILIENT, 2020 (Brazil):
	Predictors of modified Rankin scale scores and successful recanalization:

	RESULTS
	Participants
	Procedural Outcome
	Primary and Secondary Outcomes
	Predictors of disability, mortality, and successful recanalization
	Predictors of modified Rankin scale scores 0-2

	Table 4. Associations with mRS of 0-2
	Predictors of modified Rankin scale scores of 6

	Table 5. Associations with mRS of 6
	Predictors of successful recanalization (Grade 2b-3)

	Table 6. Associations with Grade 2b-3

	DISCUSSION
	Conclusion
	Strengths
	Limitations
	Author contributions:
	Declaration of conflict of interests:
	References
	Appendix 3: Groote Schuur Hospital institutional approval





