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Abstract

Stroke and traumatic brain injury (TBI) represent major causes of mortality and long-term
disability globally, with particularly high burden in low- and middle-income countries (LMIC),
such as South Africa. The Strokefinder MD100 is a portable device intended for diagnosis
and triage of stroke and TBI. This master’s thesis aimed to investigate how clinical trials are
conducted within the Western Cape (WC) healthcare system in order to develop a proposal
for how, theoretically, a clinical study of the device could be designed and conducted in this
context. The study was based on literature studies together with interviews with stakeholders
from emergency medicine, neurology, trauma care, prehospital care, academia, and healthcare
management in the Western Cape region. The findings suggested that a potential clinical trial
could begin with a feasibility and validation study in a tertiary public hospital setting, where
device findings are compared to confirmatory CT images as the gold standard, followed by
a later phase, investigating possible effects on referral pathways and time-to-treatment within

emergency medical services (EMS) and lower level healthcare facilities.

Keywords: Stroke, Traumatic Brain Injury, South Africa, Western Cape region, Clinical Trial,
Healthcare, Clinical Study Design
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1

Introduction

This chapter provides the theoretical and contextual background for the thesis and concludes by

presenting the purpose, objectives and limitations of the study.

1.1 Background

This section provides the necessary theoretical and contextual background on stroke and trau-
matic brain injury in South Africa, including treatment and workflow principles, the organisation
of healthcare in the Western Cape region, the Strokefinder MD100 and relevant economic con-

cepts.

1.1.1 Stroke

A stroke is a medical emergency that can lead to permanent damage on the brain, long-term
disability or even death [1]. It is one of the leading causes of death and disability worldwide, ac-
counting for approximately 5.2 % of all mortalities worldwide [2]. Out of these 5.2 %o, about 70 %
of deaths and 87 Y% of stroke-related disabilities occur in low- and middle-income countries, and

during the last years it has been a consistent increase in stroke incidence in the same countries [3].

The blood is responsible for transporting oxygen and nutrients to the brain cells, and a blockage
of this can lead to brain injury. [4]. To what extent a person is affected by a stroke depends on
what area of the brain the stroke has damaged and to what extent [5]. It can have consequences
on crucial aspects of a human being such as how the person thinks, moves and behaves [5].
There are multiple different consequences from suffering a stroke, some possible consequences
includes difficulty speaking, loss of hearing/vision/touch, seizures, problems with the language,
memory or speech, muscle weakness and loss of strength [6]. Stroke can affect individuals
of all ages and is associated with risk factors that can be modifiable or non-modifiable [5].
Although certain factors, such as age, can not be influenced, a substantial proportion of strokes
are considered preventable through interventions of lifestyle and management of underlying risk
factors [4]. Examples of modifiable risk factors include overweight and obesity, hypertension,

elevated cholesterol levels, smoking, and excessive alcohol consumption [5].
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There are two different types of stroke, ischaemic and haemorrhagic stroke, where both types
stop blood from getting to areas of the brain but do so in different ways[5]. Stroke signs and
symptoms are often similar for both types of stroke, but differ depending on what part of the
brain is affected [6].

1.1.1.1 Ischaemic stroke

Ischaemic stroke is the most common type of stroke, and account for about 90 % of all strokes,
and occurs when blood supply to the brain is blocked [1]. The blockage can occur due to
different reasons, but is commonly due to a blood cloth blocking the supply [4]. The cloth
standard forms in one of the large vessels that supplies blood to the brain or in the heart, and then
travels up to a vessel in the brain. There are multiple reasons for an ischaemic stroke and some of
the leading causes includes arteriosclerotic plaques of the cerebral vessels, cardiogenic cerebral
infarction and lacunar infarcts from small vessel lesions [2]. Other causes include different heart
conditions such as atrial fibrillation or damage to the heart, small blood vessles due to diseases

or a dissection in a neck artery [4].

1.1.1.2 Haemorrhagic stroke

Haemorrhagic stroke is when a blood leak caused by a burst or broken vessel injuries the brain
[7]. The leaked blood results in pressure in the brain and on the brain cells which can lead to
damage [1]. There are two different types of haemorrhagic stroke, intracerebral or subarachnoid
haemorrhage, and they differ based on where the bleeding is occurring[7]. An intracerebral
haemorrhage is when an artery within the brain bursts or break leading to bleeding into the brain
itself, whereas a subarachnoid haemorrhage is when the bleeding is occurring on the surface of
the brain between layers of membranes that cover it. The main cause for haemorrhagic stroke
is hypertension, where the high blood pressure breaks arteries within the brain. Other possible
causes include cerebral amyloid angiopathy, blood-thinning medication, vascular malformations

or ancurysm.

1.1.1.3 Stroke treatment

When a stroke is suspected the diagnosis is determined based on the patient’s symptoms, med-
ical history, physical examination and various diagnostic test results [8]. The purpose of the
diagnosis is to identify the type of stroke, its underlying cause, and the affected region of the
brain. Rapid testing is essential, as an earlier diagnosis enables faster initiation of the appropriate
treatment. The choice of treatment depends on whether the stroke is ischemic or haemorrhagic
and on the time elapsed since symptom onset [9]. While the specific diagnostic tests may vary
due to resource availability and time, standard practice involves imaging of the cerebral blood

vessels using computer tomography (CT) or magnetic resonance imaging (MRI), which provide

2
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detailed brain images [8].

Treatment of ischemic stroke focuses on restoring blood flow to the brain [10]. This can be
achieved through emergency intravenous medication, known as thrombolysis, or through a me-
chanical stent retriever procedure, referred to as thrombectomy. Thrombolysis is the most widely
used treatment for ischemic stroke and has demonstrated clinical effectiveness when given within
4.5 hours of stroke onset [2]. The treatment works by recanalizing and reperfusing cerebral
arteries using a thrombolytic agent. Thrombectomy is performed in cases involving large clots
where thrombolytic drugs cannot completely dissolve the cloth [10]. The procedure is carried
out using a catheter-based device that directly removes the clot and is commonly performed in

combination with thrombolysis.

Treatment of haemorrhagic stroke focuses on controlling the bleeding and reducing the pressure
in the brain [10]. The primary treatment options are medication and surgery [11]. The med-
ication is administrated to enhance the body’s natural clotting ability or to maintain the blood
pressure within a safe range. Surgical intervention may be required to remove accumulated

blood if intracranial pressure becomes excessively high.

Following emergency treatment, the patient requires close monitoring and undergoes individu-
alized stroke care [10]. The objective of post-stroke care is to restore as much functional ability
as possible and to enable the patient to regain independence in daily life. The type of care
required depends on the extent and location of the brain damage, as impairments are closely
related to the affected brain regions. The right side is commonly associated with motor control,

while the left side is primarily related to language and speech.

1.1.1.4 Stroke in Africa

Historically, stroke has been relatively uncommon in Africa [12]. However, today the continent
has some of the highest incidence of stroke burden in the world, with an incidence estimated
to be two to three times higher than in Western Europe, and global statistics have identified a

consistent increase in stroke in low- and middle income countries.

Since the year 2000, stroke has been the most common cause of death in South Africa after
HIV/AIDS and coronary artery disease [2]. During the last two decades, the stroke burden
has increased as the population has undergone a rapid epidemiological transition, including a
rise in stroke risk factors and an increasingly aging population. The stroke incidence has been
rising in sub-Saharan Africa, including South Africa, largely due to significant socioeconomic
and epidemiological changes leading to non-communicable diseases and a growing elderly pop-
ulation [13]. Studies of stroke patients in South Africa have demonstrated a lower mean age

at stroke onset compared to high- and upper-middle-income countries. Among the majority of
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these patients, several modifiable risk factors have been identified, including hypertension and
diabetes. Africa has the highest burden of hypertension worldwide, which is considered one
of the most significant risk factors for stroke, as individuals with hypertension have a three- to

four-fold increased risk of experiencing a stroke.

In recent decades, numerous initiatives have aimed to establish more stroke units across South
Africa in order to improve the care of stroke patients [13]. At the same time, knowledge and
awareness of stroke have increased across the continent. The improved understanding of risk
factors has contributed to greater availability of information to the African population [12].
Despite these improvements, significant challenges remain. Limited affordability, accessibility
and availability of essential neuroimaging services confines accurate stroke diagnostics in many
African settings. Additional challenges include underdeveloped EMS, where emergency care
faces regulatory and organisation difficulties, transportation delays, and poor ambulance avail-
ability. As a result, many individuals who suffer a stroke in South Africa have limited access to

both acute stroke care and subsequent rehabilitation [13].

1.1.2 Traumatic brain injury

A traumatic brain injury refers to damage to the brain caused by an external force [14]. Such
forces may arise from a blow to the head, a bump or jolt of the head, or external objects penetrat-
ing the skull and brain tissue. Each year an estimated 5.5 million individuals suffer severe TBIs
worldwide, and according to the World Health Organization, approximately 90 % of TBI-related
deaths occur in LMIC [15]. In these regions, the incidence is estimated to be 1.5 to 2.5 times
higher than the global average [16]. Sub-Saharan Africa in particular has a large burden of this
because TBIs frequently affects young people, leading to long-term disabilities which imposes

large social and economic consequences [17].

TBIs can be categorized in multiple ways depending on the characteristics of the injury, look-
ing at if the injury is penetrating or closed, primary or secondary, or focal or diffuse [17]. A
penetrating TBI occurs when an object breaches the skull and directly damages brain tissue, for
instance in the case of gunshot wounds or bone fragments [14]. In contrast, closed TBIs occur
when external forces cause the brain to move within the skull without entering the skull. The dis-
tinction between primary and secondary injury relate to the timing of damage, primary injuries
occur at the moment of impact, while secondary injuries develop over time as a consequence of
physiological responses triggered by the initial trauma. Furthermore, focal injuries are localized
to a specific brain region, whereas diffuse injuries affect larger areas of the brain. The severity
of a TBI is classified according to the Glasgow Coma Scale (GCS), together with the duration
of unconsciousness and the length of post-traumatic amnesia [17]. The consequences of TBI

can range from temporary impairments to lifelong disability or death [14].
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The cause of TBI differ depending on demographic, socioeconomic, and geographical factors
[15]. In sub-Saharan Africa, the leading causes are road traffic accidents, assault and falls [17].
Falls are more frequently observed among children and elderly individuals, while traffic-related
injuries and assaults are more common among young adults. Mortality associated with TBI is
the highest in cases involving firearms, followed by road traffic incidents. A study conducted at
Groote Schuur Hospital in Cape Town over a two-month period in 2022, including 522 patients
with suspected TBI, identified blunt force trauma, sharp force trauma, and gunshot wounds as

the most common causes [16].

Treatment strategies and the possibility of recovery following TBI depend strongly on the
extent and location of the brain injury [14]. CT is a crucial tool in the clinical evaluation and
management of TBI patients [16], as it allows rapid identification of intracranial bleeding and
changes in the patients neurological status [17]. A comprehensive analysis from 2021, which
included 107 studies and where more than half originated from South Africa, reported that
craniectomies was the most frequently used surgical treatment for TBI followed by burr hole

procedures [18].

1.1.3 Strokefinder MD100

Strokefinder MD100 is a medical device intended for the diagnosis and triage of both TBI and
stroke [19]. The portable device was developed by the former company Medifield Diagnostics.
It is designed as a headrest that can be placed on an ambulance stretcher or a hospital bed and se-
cured using a fastening mechanism that does not cause discomfort to the patient [20]. The device
contains eight antennas arranged in four pairs. Three of the pairs are mounted on adjustable arms,
while one pair is positioned at the base of the unit in contact with the back of the patient’s head.
Strokefinder MD100 operates using an Al-based algorithm trained to recognize stroke patterns.
The measurement is initiated from a tablet computer that is wireless connected to the device
[20]. Once activated, the measurement takes approximately two minutes to produce results. The
output is objective and not influenced by patient characteristics such as age, sex or ethnicity.
The device uses microwave technology and is considered harmless to both the patient and the
operator. The version that received CE verification in 2022 demonstrated a sensitivity of 97
(95% confidence interval 0.80-1.0) and a specificity of 0.48 (95% confidence interval 0.35-0.60).

The operation of Strokefinder MD100 does not depend on advanced infrastructure, making it
potentially suitable for use in low-resource settings, such as rural or peripheral metropolitan

areas in the Western Cape region [19].
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1.1.4 Health economy

Stroke care accounts for an estimated 3-4% of total healthcare expenditure in high-income
countries, with the average lifetime cost per individual with ischemic stroke in the United States
estimated at approximately 140 000 USD [21]. In contrast, there is limited evidence describing
the economic impact of stroke in low- and middle-income countries. Data from rural South
African setting indicate a substantially higher burden, with 1552 disability-adjusted life years
lost per 100 000 person-years around double the estimates reported for high income countries
during the same period. In this context, stroke related healthcare costs are estimated to account
for 1.6-3% of total health expenditure. The overall economic burden extends beyond direct
medical costs, as informal care and loss of productivity contribute significantly to the total

societal cost [21].

To evaluate implementation of a medical device it is important to consider the health economy
aspect. Disability-adjusted life years (DALY) are a commonly used metric for quantifying
the burden of disease, injury and risk factors in populations. The concept is based on both
economic and ethical considerations and provides a framework for comparing health outcomes
across conditions. Another metric is Quality Adjusted Life Year (QALY), it is based on amount
of days free from disability [22]. It is calculated by multiplying disability free days, x with the
quality of life value, that is estimated by the patient. The quality of life value ranges from 0
to 1, where O corresponds to death and 1 to perfect health. Total QALY can be calculated by
multiplying QALY with the number of patients n, the device is used on per year and the device
lifetime [22].

X

ALY =
Q 365

x quality of life value

Total QALY = QALY X n X device lifetime

The incremental cost-effectiveness ratio (ICER) is calculated using the relationship between
changes in costs and health outcomes [22]. In context, C represents the additional costs associated
with an intervention, while B denotes the corresponding health benefit, typically expressed in
QALYs. The parameter A refers to the threshold value, the maximum willingness to pay (WTP)
per QALY gained. The ICER therefore indicates the additional cost required to achieve one
extra unit of health benefit. An intervention is considered economically favorable when the
Incremental Net Monetary Benefit (INMB) is positive. The INMB framework combines both
costs and health outcomes into single monetary measure, allowing for a direct assessment of
value. It represents the net benefit of adopting a new intervention compared to an alternative,
given a specified WTP threshold [22]. Here, NMB,,,, represents the net monetary benefit of the

new intervention, while NMBjiernative represents the net monetary benefit of the comparator or
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existing standard of care.

A
ICER = AC <A
AB

0<AAB-AC = INMB >0

INMB = NMBnew - NMBalternative

1.1.5 Healthcare in South Africa

The healthcare system in South Africa is a two-tiered healthcare system with one public and one
private sector. The public sector is governmentally funded whereas the private sector is financed
by medical aid schemes and individuals [23]. Around 80% of the South African population is
served by public healthcare which is tax financed and suffers from underfunding, long waiting
times and a lack of medical supplies. Private healthcare offers a wider range of services and
higher standards, showing a clear resource imbalance between the sectors. Itis estimated that less

than 15% has access to private healthcare through being enrolled in a private voluntary insurance.

Since the 1994 South Africa has pursued universal health coverage (UCH) to address histori-
cal disparities and progressively improve all South Africans right to good quality healthcare.
Fulfilling that is however challenging due to resource constraints [24]. If the UCH would be
successfully implemented, national health insurance fund will provide common health benefits
package, where services from both private and public healthcare sectors can be purchased, from

one single payer.

1.1.5.1 Public healthcare

The public healthcare sector is organized into different categories of hospitals, namely district,
regional and tertiary, as illustrated in figure 1.1. They are classified according to the level of
care and service complexity as well as size [25] [26]. Generally, the first point of entry is
often through primary healthcare facilities, also referred to as clinics. From there patients are
transferred to either district, regional, tertiary, central or specialized hospitals.

There are small, medium and large district hospitals and they all serve defined populations within
health districts and support primary healthcare facilities with services as in-patient, ambulatory
health services and emergency health services. The small size district hospital has 50 to 150 beds,
the medium size has 150 to 300 beds and the large size has 300 to 600 beds. Regional hospitals
receives referrals from different district hospitals providing 24 hours healthcare services to a
regional population, limited to boundaries between provinces. They have 200 to 800 beds.

Tertiary hospitals has 400 to 800 beds and are not limited to provincial boundaries. Central

7
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Tertiary

Regional

District

Figure 1.1: SA public healthcare hierarchy, with tertiary hospitals at the top followed by regional
and district at the bottom

hospitals serves patients across provinces, providing tertiary hospital services, and in some cases
provide national referral services that can include conducting research. Figure 1.2 illustrates
the general referral pathway for patients in the Western Cape region [27]. In table 1.1 the CT
capability of the different level hospitals are shown [28].
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Figure 1.2: General patient referral pathway between hospitals in the Western Cape region

In table 1.2 an overview of hospitals in WC with their level, CT availability, and their referral
distance is provided [28].

1.1.5.2 Private healthcare

The private healthcare sector is financed by medical aid schemes and individuals, offering a

wider range of services with higher quality than the public sector [23]. It is estimated that the
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Level | Facility Description

Level 1 | Clinics and district hospitals without CT

Level 2 | District and regional hospitals with CT (operating hours: 8
a.m. to 4 p.m. typically)

Level 3 | Tertiary hospitals with CT capability 24/7

Table 1.1: Facility levels and CT availability

private sector has, on average, a 13-fold greater availability of CT and comparable imaging
modalities than the public sector [29]. There are multiple different private healthcare providers
in the Western Cape region including Mediclinic Southern Africa and Netcare [30][31]. It is
estimated that about 28% of South African population access the private healthcare, among those
a rather big segment are not insured, has a low income and pay for the services out of pocket. It
is estimated that less than 15 Y% of the population has an enrollment in private voluntary health

insurance [24].

1.1.5.3 Emergency medical services

There are both private and public emergency medical services and they are divided into provinces,
funded by the government and governed by the Provincial Departments of Health [32]. They
provide Basic Life Support (BLS), Intermediate Life Support (ILS), and Advanced Life Support
(ALS) ambulance based emergency care throughout the provinces. In addition to prehospital

clinical care, EMS is responsible for emergency medical response services [33].

The emergency care burden in Western Cape is substantial. More than one million patients
present to emergency departments in the province annually, and approximately 40% of these
patients arrive via ambulance transport [33]. Of the total emergency case load, roughly 40%
consists of trauma related injuries, while the remaining 60% comprises medical cases, including

surgical, paediatric, and obstetric emergencies.

Response times is critical in EMS settings, in rural or out of town areas of the Western Cape,
average response times approach the national benchmark of 40 minutes, with approximately
60% of responses occurring within this target [33]. Although, there is a lot of variability and
individual cases can deviate a lot from the mean. This is highlighting the challenges in achieving
equitable and timely emergency response across geographically diverse areas of the province.

Internationally, a common cited benchmark for ambulance provision is one ambulance per 50
000 population [32]. In contrast, South Africa’s national norm is one ambulance per 10 000
people, adjusted according to socioeconomic and geographic distribution. Despite this high
ambition, no province has achieved this national norm. In addition to resource limitations,
workforce preparedness presents further challenges. A review of emergency care providers’

knowledge, attitudes, and practices suggests deficiencies, particularly among basic and interme-
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Hospital Level CT | Referral [distance] Referral [distance]
Tygerberg Tertiary | Yes | - -

Worcester Regional | Yes | - Tygerberg [96 km]
Paarl Regional | Yes | - Tygerberg [47 km]

Karl Bremer District | Yes | - Tygerberg [4.6 km]
Helderberg District | No | Tygerberg [4]1 km] -

Khayelitsha District | Yes | - Tygerberg [27 km]
Eerste River District | No | Tygerberg [22 km] -

Swellendam District | No | Worcester [111 km] -

Otto du Plessis District | No | Worcester [151 km] -

Hermanus District | No | Worcester [119 km] -

Caledon District | No | Worcester [90 km] -

Montagu District | No | Worcester [73 km] -

Robertson District | No | Worcester [47 km] -

Ceres District | No | Worcester [55 km] -

Vredendal District | No | Paarl [270 km] -

Clanwilliam District | No | Paarl [197 km] -

Citrusdal District | No | Paarl [144 km] -

Radii Kotze District | No | Paarl [109 km] -

Vredenburg District | No | Paarl [143 km] -

LAPA Munnik District | No | Paarl [88 km] -

Swartland District | No | Paarl [45 km] -

Stellenbosch District | No | Paarl [35 km] -

Groote Schuur Tertiary | Yes | - -

George Regional | Yes | - Groote Schuur [429 km]
New Somerset Regional | Yes | - Groote Schuur [8.8 km]
Mowbray Maternity | Regional | No | Groote Schuur [2.6 km] -

Victoria Wynberg District | Yes | - Groote Schuur [10.7 km]
Mitchell’s Plain District | Yes | - Groote Schuur [22.5 km)]
Beaufort West District | No | George [235 km)] -

Murraysburg District | No | George [395 km)] -

Prince Albert District | No | George [167 km)] -

Laingsburg District | No | George [228 km)] -

Alan Blyth District | No | George [158 km)] -

Riversdale District | No | George [134 km] -

Mossel Bay District | No | George [53 km] -

Knysna District | No | George [63 km] -

Uniondale District | No | George [110 km)] -

False Bay District | No | Victoria Wynberg [20 km] | -

Wesfleur District | No | New Somerset [55 km] -

Table 1.2: Table of all hospitals in the WC region, including availability of CT, level and referral
distances

diate life support practitioners [32]. Reported gaps include insufficient familiarity with the GCS

and limitations in triage competence.
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Operational risks further complicates the EMS delivery. The Western Cape Department of
health and wellness has reported multiple incidents in which EMS teams were targeted by vio-
lent criminals [34]. Most attacks did not result in severe physical injury. However, they disrupted

essential healthcare services to vulnerable populations and caused distress among staff.

1.1.5.4 Triage scales

The primary way to confirm diagnosis of stroke and TBI is by neuroimaging services, like MRI
or CT [13]. These methods also have the ability to provide information about the exact location

and and what surrounding brain tissue has been affected by the stroke or TBI.

To obtain good patient outcomes when the blood supply returns to the brain after ischemia,
accurate and rapid identification of of stroke is required [35]. Public awareness, emergency
prehospital, as well as hospital care is crucial for better clinical outcomes. Identification and
quantification of stroke can be possible using triage scales but they have their limitations. In 30%
of cases, in prehospital setting, stroke is not adequately recognized. Some triage scales used
in in prehospital settings have been developed to recognize large vessel occlusion strokes, sim-

ilar to stroke recognition, but still 20% of the large vessel occlusion strokes remain unrecognized.

Face, Arms, Speech, Time (FAST) test is the most commonly used triage scale in prehospital
settings for stroke [35]. The scale is considered very useful for strokes in the anterior circulation,
but commonly misses over 70% of patients with strokes in the posterior circulation. For stroke
screening, Gaze, Face, Arms, Speech, Time (G-FAST) test is a useful tool, which is similar to
FAST but gaze is also included. To better diagnose strokes in the posterior circulation, assess-
ment of symptoms regarding balance (B) and eye (E) is added to FAST, known as BE-FAST.
FAST-ED is another modification of FAST, which includes anosognosia/neglect and eye devia-
tion, this scale predicts higher value for strokes that might be related to large vessel occlusion
and candidates for thrombectomy. Common triage scales used for acute stroke are the 3-item
stroke scale (31-SS), the Austrian Prehospital Stroke Scale (APSS), the Cincinnati Prehospital
Stroke Scale (CPSS) and the Los Angeles Prehospital Stroke Screen (LAPSS). Among those
acute stroke scales, used to confirm diagnosis LAPSS is the one with highest sensitivity and

specificity.

In hospital settings, The National Institutes of Health Stroke Scale (NIHSS) is adopted broadly
and is a stroke and impairment severity scale [35]. To estimate and measure the severity of
stroke, it uses 15 evaluating segments in points, where the maximum is 42 points. It can predict
neurological short term and long term outcomes and be performed quickly by trained healthcare

providers that are not experts in neurology. The main limitations are that it does not evaluate
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cranial nerves in detail, for patients with cerebellar or brainstem infraction, disease is often
underestimated, discrete neurological deficits might be missed. Reflection of the stroke severity
of each cerebral hemisphere is not always accurate, for patients with cognitive dysfunction, the
score is the least reliable. The scale does not always reflect clinical changes from repeated
examinations and an abnormality in NIHSS can not refute or support for a stroke diagnosis.
There are versions of NIHSS that are suitable for prehospital settings, most promising versions
are, the shortened NIHSS and the modified NIHSS-EMS.

The Glasgow Coma Scale is useful in traumatic brain injury and haemorrhagic stroke patients
as well as in the evaluation of comatose patients. The three clinical parameters assessed are
eye opening, verbal response, and motor response [35] [36]. Levels of responsiveness of the 3
parameters are scored 1-5, where 1 is no response and up to 4 (eye-opening response), 5 (verbal
response) and 6 (motor response). The total score ranges from the lowest 3 to the highest 15.
This total score is a sum of the scores and individual elements. The total score should not
be used if any of the components of the GCS scale is not testable as well as denoted as "not
testable". For acute traumatic brain injury the total GCS score is commonly classified as mild
if GCS 13-15, moderate if GCS 9-12 and severe if GCS 3-8 [36].

The South African Triage Scale (SATS) is a five-level system used to assess patient acuity, or
severity of illness, used for both stroke and TBI [37] [38]. The triage category is determined
through a combination of clinical discriminators, such as presenting symptoms, mechanism of
injury, and reported pain and a physiological scoring system, the Triage Early Warning Score
(TEWS). In addition, the system permits senior healthcare providers to override the assigned
acuity level when necessary. This ensures that clinical judgment can compensate for potential
missclassification and serves as an additional safety mechanism. The final triage categories are
colour-coded as red for emergency, orange for very urgent, yellow for urgent, green for routine

and blue for deceased.

1.2 Purpose

The purpose of this master’s thesis is to investigate how clinical trials are conducted in the
Western Cape region of South Africa in order to develop a proposal for how a future clinical
study of the Strokefinder MD100, could be designed and conducted in this context. This
includes identifying key factors such as relevant stakeholders, suitable study sites, practical
considerations for device placement, time-related aspects, attitudes towards such a study, and

potential challenges that may influence its future implementation.
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1.3 Goals

The goal of this thesis is to develop an understanding of stroke, traumatic brain injury, and the
healthcare system in the Western Cape region of South Africa. Furthermore, the thesis aims to
investigate how clinical trials are conducted in this context, including their structure, regulatory
processes, stakeholder involvement, and common challenges and pitfalls associated with their
implementation. Another objective is to identify relevant stakeholders for a potential clinical
study of the Strokefinder MD100 in the WC context, thereby also gaining insights into practical

challenges related to conducting such studies.

This is achieved through a literature review and interviews with relevant stakeholders, conducted
in the WC region. Based on these findings, the thesis aims to develop a proposal for a future
clinical trial of the Strokefinder MD100 could be designed in this context.

1.4 Limitations

The scope of this thesis is defined by several limitations. As the study is part of a larger research
project, building on a previously performed health technology assessment and conducted in
parallel with another master’s thesis focusing on implementation, it was important to ensure that
the work did not overlap with related studies. Most limitations were defined at the beginning of
the project, while some were added during the field study due to limited availability of data and
stakeholders.

The geographical scope of this thesis is limited to the WC region of SA. Although some
healthcare-related data is only available at a national level, the analysis and discussion are
focused on the WC healthcare system. Data collection through interviews was primarily con-
ducted at selected public hospitals, including Tygerberg Hospital and Groote Schuur Hospital,
providing insight into the healthcare system and clinical workflow. Due to the absence of a
national stroke or traumatic brain injury registry, patient-related data included in the study is
based on information obtained through interviews rather than comprehensive national datasets.
Furthermore, the final proposal is not limited to one version of the Strokefinder MD100 device,

based on the project developments and practical considerations during the field study.

An additional limitation is that the group will not write a complete protocol for a clinical study,

but rather investigating what should be included in such a protocol.

Finally, the data collection was constrained to a three-month field study period in SA, which

limited the number of interviews that could be conducted.
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Method

This section describes the methodology used in this thesis. The study combines a literature
review and empirical data collection in the form of interviews and field observations conducted
in the Western Cape region of South Africa. A literature study was conducted to establish a
theoretical foundation and served as preparatory work for the field study. The empirical part of
the study consisted of interviews with relevant stakeholders and observations conducted on site.

Finally, all collected data was analysed in order to address the thesis research questions.

2.1 Literature study

The literature study focused on stroke and traumatic brain injuries, including their prevalence
and epidemiology in the WC region of SA. In addition, relevant clinical trials for medical
devices, applicable guidelines and regulations, and literature on the Strokefinder MD100 and
it’s underlaying microwave-based diagnostic technology were reviewed. The primary databases
used for the literature search were PubMed, Google Scholar, and Scopus. The review was
further supplemented with materials provided by interviewees and Professor Mikael Persson.
Previous work conducted by Master’s students Ebba Alvaeus Tynnerstél and Alice Thornander
at Chalmers University of Technology, as well as PhD student Tinasche A. Chikunichawa at
Stellenbosch University, was also included and critically examined. All sources were evaluated
using a critical approach, with particular attention given to biases. Special consideration was
taken when reviewing data supplied from the private sector in order to minimize the risk of
bias. In 2025, a health technology assessment was conducted in the WC region, SA, evaluating
the Strokefinder MD100 [39]. The project was guided by the EUnetHTA Core Model and
focused on identifying potential implementation sites, evaluating the health economic viability

and assessing the potential future role of the Strokefinder.

The HTA resulted in three main conclusions, First, implementation was considered most ben-
eficial in prehospital settings and level 1 healthcare facilities that currently lack diagnostic
capabilities [39]. Second, the device was found to be economically viable in the South African
context, primarily due to its potential to significantly reduce time to treatment for stroke patients.

This reduction could improve patient outcomes while also generating societal cost savings. Fi-
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nally, the HTA concluded that a clinical trial is necessary to support further implementation
of the device in the SA context, in order to demonstrate clinical effectiveness and validate its

impact on patient outcomes. The present thesis primarily focuses on addressing this need.

2.2 Preparations for South Africa

Preparations for the field study included meetings with supervisor Mikael Persson to plan and
structure the data collection process. These discussions involved identifying relevant interview
participants, obtaining contact information and reviewing their professional backgrounds to
assess the type of information and insights they could contribute to the project. Ethical consid-
erations were also addressed in advance, including how such considerations might differ in this
setting compared to the Swedish healthcare context. A substantial part of the literature review
was conducted prior to the field study, focusing on topics such as stroke, stroke treatment and
TBI, as well as the structure of the healthcare system in SA and the WC region.

2.3 Interviews

The field study consisted of 21 interviews conducted with 18 different relevant stakeholders in
the WC region in SA. A majority of the interviews were carried out in collaboration with two
other master’s students who, during the same time period, were conducting their thesis work
in SA involving the Strokefinder MD100 with a focus on implementation at the Department of
Industrial Engineering at Chalmers University of Technology. Each interview lasted 60 to 90
minutes and was divided into two parts, the first addressing aspects related to clinical trials and
the second focusing on implementation. This structure allowed both groups to gather relevant
information for their respective studies. The interviews were conducted over a period of three
months, from mid-February to mid-May 2026. Most interviews took place on site at various
locations in and around Cape Town, and a small number were conducted digitally at the request

of the interviewee.

2.3.1 Selection of interview participants

The selection of interview participants was based on identifying stakeholders with relevant
knowledge. An initial list of potential interviewees was provided by the supervisor, consisting of
individuals who had been interviewed in a master thesis conducted within the same project the
previous year. The list was reviewed and relevant individuals were identified by looking into the
field of expertise of each person. Areas considered relevant for the thesis mainly included the
healthcare system, stroke, TBI and clinical trials. Initial contact with the selected individuals
was made by the thesis supervisor, and if the person agreed to being contacted by the students,

the students reached out to schedule interviews. In addition to the individuals on the initial list,
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further stakeholders were identified through research of relevant projects in the Western Cape

region. The group also had the opportunity to contact PhD students at the department of In-

dustrial Engineering at Stellenbosch University. During each interview, participants were asked

whether they could recommend other relevant stakeholders, enabling additional participants to
be identified throughout the field study.

A complete overview of the interview participants, including their roles is provided in Table 2.1.

Table 2.1: Overview of interview participants

Name Role Date Location Relevance
Georgia Chan- | PhD student at indus- | 2026-03-02 | Digitally To gain understand-
non trial engineering, Stel- ing for SA specific
lenbosch University challenges in bring-
ing medical technol-
ogy concepts to mar-
ket access and dis-
cuss earlier conducted
case study of the
Strokefinder MD100
Mladen Poluta | Director, Southern | 2026-03-03 | Digitally To understand how
Right HTM Consulting medical  technology
can be introduced on
the SA market and
gain insights into the
regulatory process
Sa’ad Lahri Associate Professor and | 2026-04-03 | Stellenbosch To understand organi-
Head of Emergency University zational aspects of the
Medicine SA healthcare system,
stroke treatment and
referral pathways
Daniel Youkee | Emergency Medicine | 2026-03-05 | Groote Schuur | To gain insights about
doctor and Postdoctoral Hospital, Cape | stroke care and related
researcher at the Neu- Town challenges

roscience Institute at
Groote Schuur Hospital

in Cape Town
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Name Role Date Location Relevance
Sudesh Professor in Biomedical | 2026-03-09 | University  of | To discuss implemen-
Sivarasu Engineering and Direc- Cape Town tation of medical tech-
tor of UCT’s Biomed- nology in the SA con-
ical Engineering Re- text and main chal-
search Centre lenges
Hendrick Specialist Surgeon - | 2026- Tygerberg Hos- | To understand TBI
Lategan Trauma and Emergency | 03-09, pital current TBI workflow,
Medicine 2026-03- discuss clinical trials
13 and and potential imple-
2026-04-01 mentation sites of the
Strokefinder
Kerstin Hall Biomedical engineer | 2026-03-10 | Impulse To discuss different
and Product Manager at Biomedical pathways for clinical
Impulse Biomedical office, Cape | trials learn about Im-
Town pulse biomedicals’ ex-
periences in clinical
trials
Robyn Holgate | ER24 Chief Medical | 2026-03-11 | Mediclinic, Stel- | Gain insights about
Officer and Mediclinic lenbosch stroke workflows,
Emergency Medicine challenges and discuss
Manager clinical trials within
the private healthcare
sector
Willem Associate Professor of | 2026-03-12 | Digitally Gain insights into clin-
Stassen Emergency Medicine ical trials in the SA
at University of Cape context and discuss re-
Town, Deputy Director: lated regulatory chal-
WHO  Collaborating lenges
Centre for Integrated
Clinical Care
Doctors at 2026-03-02 | Tygerberg Hos- | Gain insights about
Tygerberg pital TBI workflows and at-

trauma unit

titudes towards clini-
cal trials from ground

staff perspective
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Name Role Date Location Relevance
Tinashe PhD in Industrial Engi- | 2026-03-18 | Digitally To discuss previous
Chikunichawa | neering at Stellenbosch findings about im-
University plementation of the
Strokefinder in the SA
setting
Martin Nieu- | Professor at Northwest- | 2026- Digitally To gain insights into
woudt ern University and Stel- | 03-27, clinical trial designs,
lenbosch University, 20 | 2026-04-30 protocol writing and
years of experience in discuss potential
Biomedical Engineer- trial designs for the
ing, Epidemiology, re- Strokefinder in the SA
search methods and context
grant writing
Pamela CEO at Heart and | 2026-04-15 | Heart and Stroke | To gain insights into
Naidoo Stroke Foundation Foundation of- | challenges and pre-
South Africa fice, Cape Town | ventative work related
to stroke from a non-
profit  organisations’
perspective
Alan Bryer Former Head of the Di- | 2026-04-16 | Groote Schuur | To understand the
vision of Neurology and Hospital stroke workflow at
Stroke Unit at Groote Groote Schuur and
Schuur Hospital discuss previous
clinical trials and
propositions for a
potential Strokefinder
trial at this site
Clint Hen- | Associate Professor | 2026-04-20 | Groote Schuur | To understand EMS
drikse and Head of Division at Hospital workflows and refer-

Emergency Medicine,
University of Cape
Town

ral pathways, discuss
potential implementa-
tion sites and clini-
cal trial suggestions for
the Strokefinder
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Name Role Date Location Relevance
Mark Brand Owner and Manager of | 2026-04-21 | Somerset West | To gain insights on im-
BRANDTECH Health plementation of medi-
Technology Consulting cal devices in SA from
an industry perspec-
tive
Cliff Lowan PhD in biomedical/in- | 2026-03-02 | Stellenbosch Discuss regulations re-
dustrial engineering at University lated to clinical trials
University of Stellen- and implementation of
bosch medical technology on
the SA market
Lerato Jessica | MSc Medicine Candi- | 2026-04-23 | Digitally Discuss findings
Moseme date, Ethics Lab at Uni- from her thesis titled:
versity of Cape Town "Roadmap for Clinical
Investigations in South
Africa:  Facilitating
Market Access for
Locally Manufactured
Medical Devices"

2.3.2 Interview technique

The interview technique, including question formulations and the structure of interaction during
interviews, was developed iteratively throughout the study. The approach was continuously
refined, with the most significant changes occurring between the first three interviews. As non
of the group members had extensive prior experience conducting interviews, the process began
with two practice interviews with PhD students at the Department of Industrial Engineering at
the University of Stellenbosch. This provided valuable training and helped improve the interview

approach.

The first interview following the practice session was conducted with Mladen Poluta. Prior to
this interview, background research was carried out to better understand his area of expertise
and to develop relevant questions. The questions were then reviewed by the thesis supervisor
and revised based on feedback. They were also compared with those written by the other student
group to avoid overlap. This procedure was applied consistently before all interviews. During the
interview with Mladen Poluta, it became clear that the prepared questions were too specific. As
a result, the approach was adjusted for following interviews. Broader, more flexible questions
were developed based on each participant’s professional background and area of expertise.

Alternative questions were also prepared for cases where participants had limited knowledge of
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clinical trials. During the first week doing interviews, it became apparent that many participants
lacked in-depth knowledge and experience with clinical trials, which further reinforced the need
to adapt the approach. Consequently, the group developed a more flexible way of working during
the interview, where the interviews could be adjusted dynamically based on the participant’s
responses. The final set of questions for each interview was tailored to the participant as well
as the timing of the interview and the context. In the initial phase, additional general questions
were included regarding the healthcare system and the workflows in the WC region in order to
get a broader understanding of the background and the context. At the end of each interview,
participants were asked whether they could recommend other relevant stakeholders for the study,

which contributed to the identification of additional participants throughout the field work.

2.3.3 Interview procedure

In the early stages of the field study, it was important to clearly communicate to all participants
that the interviews were conducted solely for the purpose of collecting data for the master’s
thesis, and not on behalf of any company or external organisation. This clarification became
necessary after some participants requested information regarding ethical approval and related

documentation.

Whenever possible, interviews were conducted on site at the participant’s workplaces. This was
preferred because it was considered to improve the quality of the interviews and help build trust
between the researchers and participants. The majority of the interviews took place in person in
and around Cape Town. During the interviews both group members were present and actively
participated asking questions. The responsibility for taking notes was alternated between the
two members from interview to interview. Almost all interviews were audio recorded, after
obtaining consent from the participants, in order to ensure accurate and reliable use of the

collected information during the analysis phase.

2.4 Observations

During the field study, observations of the acute trauma unit at Tygerberg hospital, Cape Town
was conducted. The first observation took place on a Monday morning, corresponding to the
peak period of the week with the highest patient load, in order to better understand workflows and
waiting times for the CT scan. A second observation was conducted on a Wednesday morning,
when the patient load was considerably lower. This allowed for an assessment of where the
Strokefinder could be practically implemented within the unit in the event that a pilot study was

to be conducted at this site.
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2.5 Data analysis

The data collected from interviews were critically reviewed and weighted based on the par-
ticipants’ backgrounds, expertise, and potential biases related to their affiliations within the
healthcare sector. Consideration was also given to their prior knowledge about the Strokefinder
MD100 before the interview, as well as how effectively information was communicated and
questions or statements were addressed during the interviews. Ongoing discussions with super-
visor Mikael Persson were held to support this evaluation process. Where possible, materials
gathered from the interviews were continuously cross-checked against relevant research articles

to further substantiate the findings presented in the results and to minimize potential bias.
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Results

In this section the results from the literature review as well as interviewees perspective on
healthcare system factors to the clinical trials will be presented. General frameworks guidelines
and principals for how clinical trials are conducted in SA, context specific challenges and an

economic evaluation will be described.

3.1 Healthcare system factors related to the clinical trials

When planning a clinical trial in South Africa, several healthcare system factors need to be
taken into consideration. This section presents factors identified during the field study that may

influence the feasibility and conducting of a clinical trial in the Western Cape context.

3.1.1 Stroke and TBI workflows

To investigate possible implementation sites for new medical devices, it is important to under-
stand current care workflows. In the following section it is described what a patients journey
from falling ill in stroke or TBI to treatment in the WC region can look like according to inter-

views.

Access to emergency care in South Africa varies considerably between the public and private
sectors, influencing patient pathways in both stroke and TBI. In many settings, patients are trans-
ported to healthcare facilities by private means rather than by ambulance services, partly due to
limited trust in public emergency medical services. When ambulances are utilized, ambulance

personnel assess patients on scene and apply prehospital triaging tools [40].

Upon arrival at the emergency centre, patients undergo further clinical evaluation, and a CT
scan is typically requested to confirm diagnosis to accurately distinguish between ischemic and
haemorrhagic stroke [40]. In the private sector, CT imaging is generally available without
significant delay, enabling rapid diagnostic clarification and treatment decisions. In contrast,
access to CT imaging in the public sector may be restricted. Patients presenting outside of CT
available hours may require transfer to tertiary hospitals for imaging, potentially introducing

delays in diagnosis and treatment [40]. Geographic factors further influence access, as patients
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in rural areas may face long transport distances to tertiary centres, as opposed to patients in

more urban settings, where facilities are located in closer proximity.

According to interviews conducted with personnel involved with the private sector, within
emergency centres, some facilities prioritize suspected stroke patients for immediate imaging,
bypassing standard waiting processes to minimize delays [41]. Thrombolysis can be adminis-
tered in appropriately equipped centres, including smaller hospitals with adequate training and

CT capabilities.

A significant challenge that remains for stroke healthcare despite these workflows is delay in
patient presentation [40] [41]. A retrospective study conducted at the University of Cape Town
found that the median time from symptom onset to hospital arrival was approximately 24 hours
on weekday, with slightly shorter times observed over weekends [21]. Most patients developed
symptoms at home and those requiring admission generally presented earlier than those dis-

charged from the emergency centre.

For TBI, patient management is largely determined by injury severity. Mild TBI cases can be
handled at community health centres or district hospitals, while more severe injuries are directed
to higher level facilities [28] [27]. In some cases, patients are first stabilized at the nearest facility
before being referred to tertiary care. In TBI triage decisions, evaluation using the Glasgow

Coma Scale along with consideration of injury mechanism and severity is often used [27].

3.1.2 Attitude towards research and trials

When considering the implementation of new technology, and consequently the execution of
clinical trials, the attitude and level of engagement among those involved are crucial factors.
This applies both to decision-makers at managerial levels and to frontline staff who are expected
to adapt their daily routines and working practices. Several interview participants emphasized
that change is generally received positively when it is well motivated and clearly communicated.
A recurring point was the importance of ensuring that those affected by the change are able to
see its value, which in this case related to improved patient outcomes and reduced time from
symptom onset to diagnosis. It also became evident that perspectives differed depending on
whether the interviewees had managerial roles or worked directly in clinical practice, where the

effects of the change are felt directly in daily work.

Participants in higher managerial positions described change as something that is usually ac-
cepted as long as the purpose is clearly understood [28]. Furthermore, the existence of a
well-established regulatory framework in South Africa was considered to contribute to accep-

tance, as initiatives that have been formally approved by regulatory bodies are generally not
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questioned [42].

In contrast, interviews with trauma staff working at the trauma unit at Tygerberg Hospital pro-
vided a more detailed picture of the practical challenges associated with change [43]. These
participants emphasized that implementing a new initiative, such as a clinical trial, does not only
affect one individual but requires adjustments throughout the entire system. They highlighted
the necessity of having clear guidelines and structured training, rather than decisions introduced
from higher management without sufficient practical support. According to these participants
attitude in the hospital was described as: "things have been running like this for 20 years, why
must we do this new thing". One reason for this resistance was explained as the already heavy
workload experienced by frontline staff, and that changes often are perceived as adding to this

workload rather than making daily work more efficient.

At the same time, the staff at the Tygerberg trauma unit emphasized that openness to change
exists when the value of change is evident, both in terms of practical workflow improvements
and patient benefits. Achieving this often requires obtaining genuine buy-in from staff at the
operational level and ensuring that they feel ownership of the change, rather than experiencing
it as an imposed decision. It was also pointed out that initiatives originating in high-income
contexts often fail when introduced without sufficient adaptation to the local context and its
specific challenges [43].

3.1.3 Perspectives on desired stroke and TBI care pathway

Interviews with different stakeholders across the South African healthcare system suggested
several areas for improvement in the organisation and delivery of stroke and TBI care. These
perspectives consistently highlighted the need for strengthening prehospital systems, improving

access to advances diagnostics and treatment and expanding specialized care infrastructure.

A recurring subject was the importance of enhancing early detection and prehospital manage-
ment. Participants emphasized the need for improved general knowledge about stroke symptoms,
alongside with better training and support for emergency call handlers and paramedics to fa-
cilitate early recognition and prioritisation of suspected stroke cases [42] [44]. Pre-notification
systems, whereby ambulance services alert receiving facilities in advance, were identified in the
private sector as an important component of an optimized care pathway and were suggested as a
standardized intervention on a national level [41]. Strengthening emergency transport systems,
including enabling early intervention during transit, was also viewed as essential to reducing

delays and improving outcomes [42] [44].

Access to diagnostic imaging and acute interventions emerged as another key priority. Stake-
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holders in the private sector highlighted the potential value of innovations such as mobile CT
units, although these were acknowledged to be resource intensive [41]. More broadly in both
public and private sector, the need to expand the access to reperfusion therapies, including
both thrombolysis and thrombectomy, which are currently limited by resource and infrastructure
constraints [41] [45]. While some participants expressed optimism regarding gradual improve-
ments in access to these treatments over time, it was also noted that disparities compared to

high-income settings are likely to persist due to differences in resources and system capacity [45].

The development of dedicated stroke units was frequently proposed as a central strategy to
improve patient outcomes. Such units, including designated stroke beds and specialized care
teams, were seen as possible factor to improve continuity of care [41]. Given resource limita-
tion, it was suggested that initial implementation should prioritize high volume urban centres,
supported by well-defines referral pathways from less resourced facilities [41]. In the context
of TBI, it was highlighted that CT scanners specifically dedicated to trauma to reduce waiting

times would contribute to improving efficiency and patient management [27].

Finally, the importance of economic considerations in shaping future care models was high-
lighted by interviewees. This included the need for more robust data on the cost of stroke at both
the health system and societal levels, to better inform resource allocation and policy decisions
[44]. Overall, participants highlighted that improvements in stroke and TBI care would require
coordinated investment across multiple levels of the healthcare system, including prevention,

prehospital care , acute treatment and rehabilitation.

3.2 Conducting trials in South Africa

To develop a proposal for a future clinical trial of the Strokefinder MD100, several aspects
related to the conduct of clinical trials in South Africa must be considered. This section presents
key findings from the field study regarding regulatory processes, study design, sponsorship,

healthcare sector characteristics, and potential study sites.

3.2.1 Regualtory process for clinical trials

The regulatory process for a clinical trial in South Africa differs depending on previous testing
and possible implementations of the medical device, including if the device has been CE-marked
in Europe or approved by the Food and Drug Administration (FDA) in the US [46]. If the device
has been approved by the FDA or CE-marked, the process can be considered fairly straight
forward in South Africa and the key thing that needs to be demonstrated during testing is safety
an cost efficacy in the SA context. It can be considered standard to bring the device to Europe

or the US before initiating trials in SA, and companies are often encouraged to do so first [47].
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No matter the previous marking the device will need to get ethics clearance and clinical trial
approval since the trial will be engaging with human participants [48]. For these clearances a
clinical trial protocol will need to be written which is a very detailed description of the trial
going into details regarding what will happen to the patient, how the trial will be performed and
similar information. The company or organisation behind the medical device takes ownership
over the protocol, but it can be written as a collaborative process between an external Clinical
Research Organisation (CRO) and the device company, depending on sponsors and resources.
Once the trial protocol has been approved it has to get ethical approval from an ethics board
and approval from South African Health Products Regulatory Authority (SAPHRA) before the
trial can initiated. How the ethics clearance is one depends on the research facility, for example
if doing it through an university they commonly manage the ethics. Looking at a protocol
application from the Health Research Ethics Committee (HREC) at Stellenbosch University,
over 20 different appendices needs to be added when submitting an ethics application [49].
Some of the things included here includes research protocol, consent an assent forms, letter of
authorization from institution such as hospital or clinic, budget, and a description of the recruit-
ment process and consent process proposed for the local site. Other than application the clinical
trial needs to be registered in the South African National Clinical Trials Register (SANCTR) [50].

Another aspect highlighted during interviews was that the regulatory requirements may differ
depending on whether the device is considered substantially equivalent to an already approved
device, commonly referred to as a predicate device [50]. Interview participants described that
if a medical device is based on similar principles and has a comparable intended function to an
already approved device, previous evidence may potentially be used to support the regulatory
application process. In such cases, regulators might request supplementary laboratory valida-
tion or technical testing to demonstrate substantial equivalence before allowing progression to
later trial phases. If the intended use of the device changes substantially, or if the modification
is considered significant, additional early-phase clinical testing may be required before further
clinical trials can be initiated [50]. The interviewees also emphasized that although the general
principles that govern clinical trials are generally well established, the exact regulatory pathway
remains highly based on context and is often evaluated based on specific cases by the regulatory
authorities [50].

3.2.1.1 Frameworks guiding clinical trials

There are different frameworks a clinical trial needs to comply with. A very central document
is the "South African Good Clinical Practice: Clinical Trial Guidelines"-document, which is
a document from the Department of Health in South Africa. The document includes detailed
guidelines that promotes good practice when conducting clinical trials in the country [51]. It
is mandated to comply with these guidelines according to the National Health Act No.61, the
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medicines and relate substance act, and the national research ethics guidelines. This documents
covers information about investigators, ethics committees, manufacturers, sponsors, authorities
and trial participants. The guidelines apply to both academic and contract clinical research with
the intention of applying to all stages of health product development, in whole or in part or

general biomedical research.

The guidelines goes in detail and focus on the designing, planning, management, conducting and
regulation of clinical trials, where the term clinical trials is not specifically related to a certain
type of trial but rather all types including complementary medicine, traditional medicines,

surgical procedures, medical devices, cell therapy and imaging technology.

3.2.2 Sponsors

According to SAHPRA, a sponsor is defined as the individual or organisation responsible for
the initiation, management, and financing of a clinical trial [51]. The sponsor may consist of
a pharmaceutical company, academic institution, principal investigator, (PI), funding body, or
another organisation responsible to oversee the study. SAHPRA guidelines further state that
clinical trials may be conducted either with or without an external sponsor. In cases where
no formal sponsor is involved, responsibility for the functions related to the sponsor must be
defined by the study protocol. The guidelines additionally describe that sponsors may delegate
certain operational responsibilities to CROs, although oversight responsibilities remain with the

sponsor and applicant [51]

Interview participants discussed clinical trial models supported by both hospitals and CROs
[50]. One interviewee suggested that studies sponsored by hospitals may reduce overall study
costs, as existing hospital personnel and infrastructure can potentially support parts of the trial
processes [50]. In contrast, trials supported by CROs were described as potentially involving
higher costs, but with the perceived advantage of dedicated research infrastructure and quality
assurance processes. Participants suggested that selection of sponsorship model may therefore
depend on the specific circumstances, available resources, and requirements of the proposed
study [50].

3.2.3 Clinical trials in private versus public healthcare sectors

During interviews, participants suggested that the private sector may in some cases be more
cautious regarding experimental interventions and emerging technologies, with a preference
for approaches that are already supported by established evidence [40]. This was discussed in
relation to the perceived risks associated with clinical trials, particularly during earlier stages of

evaluation [40].
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Differences in patient volume were also highlighted. According to interviewees, lower patient
numbers in the private sector may prolong recruitment periods and make it more difficult to
achieve sample sizes with statistical power in shorter periods of time robyn [40]. In contrast,
participants noted that hospitals in the public sector generally manage larger patient volumes,

which may facilitate faster enrollment in clinical studies [40].

At the same time, several practical and advantages related to resources were identified [40].
Interviewees suggested that patients in the private sector may in some cases present earlier and
move more rapidly through diagnostic and treatment workflows due to the availability of greater
resources [40]. Certain specialized interventions and infrastructure were also described as more
readily available in private healthcare settings, which could make these environments a suitable

option for potential EMS clinical studies [40].

Participants further indicated that the public healthcare sector integration with academic and
research institutions may be stronger [40]. Investigators in public hospitals were described as
holding university affiliations and having established access to academic research infrastructure,
including institutional ethics committees [40]. In contrast, interviewees mentioned that studies
in the private sector may commonly require collaboration private ethics review services or ex-

ternal universities [40] [41].

Important considerations mentioned in the public sector were resource allocation and workflow
integration [40]. Interviewees noted that clinical studies may require dedicated externally funded
personnel, such as research nurses, in order to not interfere with routine clinical operations [40].
It was suggested participation in clinical trials should not alter prioritisation of standard clinical

resources, such as access to CT scan, for patients outside of the study [40].

Regarding the conduct of clinical trials within private healthcare institutions, one participant
described that phase three studies are performed more commonly than earlier phase studies [41].
It was mentioned that often regulatory approvals and ethical documentation would generally
have to be established before implementation at hospital level [41]. It was suggested that the
private sector may not provide comprehensive clinical trial infrastructure in house throughout
the study process, requiring external coordination and preparation prior to initiation of study
[41]. Additionally, it was discussed that financial and administrative considerations related to
trial participation in private healthcare environments might be required before enrollment can

occur [41].
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3.2.4 Study design

Clinical trials are typically divided into several phases, where each phase is designed to address
specific research objectives and clinical questions [52] [53]. These phases can include phase 0,
phase 1, phase 2, phase 3, phase 4. Phase 0 and phase 2 are generally considered exploratory
phases, phase 1 focuses primarily on safety and is therefore regarded as a non-therapeutic phase,
while phase 3 serves as the therapeutic confirmatory phase. Phase 4 is conducted after regulatory
approval and is mainly concerned with post-marketing surveillance and long-term monitoring

of treatment effects.

Clinical research designs can broadly be divided into observational (non-interventional) and
experimental (interventional) studies [52]. Observational studies may either include comparator
groups, such as in cohort or case-control studies, or be purely descriptive without a comparison
group. Experimental studies, on the other hand, may be randomised or non-randomised. Several

different clinical trial designs exist within experimental research [52].

Cohort studies are a form of observational study design in a defines group of individuals is
followed over time based on criteria established by the researcher [54]. In prospective cohort
studies, participants are enrolled before the outcome has occurred, and the investigator classifies
them according to exposure status before monitoring outcomes over time. Relevant baseline
variables are collected throughout the the study period. In retrospective cohort studies, both
exposure and outcome data are obtained from existing records, meaning that the outcomes have

already occurred at the time of analysis [54].

One interview participant proposed a two phased study design for evaluation of the Strokefinder
in the WC healthcare setting [50]. The suggested initial phase involved a feasibility and val-
idation study conducted in a tertiary hospital environment, including patients presenting with
suspected acute stroke or TBI within 24 hours of symptoms onset. In this proposed design,
patients would first undergo the standard triage procedures, such as GCS or SATS assessment,
followed by examination with the Strokefinder device prior to confirmatory CT scan. The CT
results would serve as a reference standard for evaluation of the diagnostic performance of the

device, including sensitivity and specificity within the WC population [50].

Further the interview suggested that, after a successful validation in the first phase, that the study
could potentially progress to a second phase focusing on evaluation of the devices’ effect on
the transport pathways and patient flow [50]. This phase was described as a possible cluster-
randomized study involving selected EMS units and lower-level healthcare facilities in the WC
region. One proposed study arm would involve using the Strokefinder device to support direct

transfer to suspected stroke patients to tertiary stroke centres, while the comparator arm would
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follow existing standard operating procedures involving transport to the nearest facility with CT

availability for initial stabilisation and imaging [50].

The proposed study design was described as being structured to evaluate the Strokefinder in the
WC context, accounting for limitations and delays identified during previous HTA assessment
processes [50]. Within this proposed framework, patients assessed with the Strokefinder in com-
bination with standard clinical care were considered the experimental group, whereas patients
managed according to existing standard operating procedures, including GCS, SATS and FAST,
constituted the control group. The suggested primary endpoint was reduction in overall time
to treatment, including thrombolysis or thrombectomy when applicable. Additional proposed
outcomes was evaluation included measures such as door to CT time, defined as the interval

between hospital arrival and initiation of confirmatory neuro imaging [50].

3.2.5 Stakeholders and roles in clinical trials

During the interviews, participants were asked to describe which stakeholders and roles would
be important in the design and implementation of a clinical trial for the proposed technology, as

well as key considerations related to coordination and governance.

Across interviews, the importance of a dedicated champion was repeatedly highlighted [55]
[46]. This role was described as a key driver for implementation and was often associated
with an individual with strong influence within the frontline team as well as within the public
healthcare sector, for example a head of department or senior clinician with established links to
the Department of Health. The champion was also described as someone capable of facilitating
engagement across departments and ensuring sustained institutional support for the trial [55]
[46].

A necessary role for clinical trial execution is a principal investigator, (PI), who would carry
overall responsibility for the study design, ethical compliance, and regulatory applications [50].
It was also suggested that clinical investigators would be required at participating sites, de-
pending on the selected facilities and level of implementation. The PI was further described
as a central figure in coordinating both ethical approval and regulatory submissions, including

engagement with ethics committees and regulatory authorities [50].

Data management was highlighted as as another critical component of the trial structure. Partic-
ipants emphasized the need for a dedicated person with the role to analyse data and responsible
for consistency in analytical approaches, given that different analysts may otherwise produce
varying interpretations of the same dataset. In larger trials, this role could involve oversight of

additional analysts, but with clear responsibility for final analytical decisions remaining cen-
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tralised [50].

In terms of operational implementation, interviewees also highlighted that champions may
differ depending on the care setting. In prehospital environments, experienced paramedics were
described as potential key drivers of implementation, whereas in hospital settings leadership was
more commonly associated with senior medical staff and departments heads. Thus, it was noted
that that nursing staff often play crucial roles as practical on-the-ground champions due to their
continuous presence in clinical workflows and their ability to facilitate sustained implementation

in routine care [42].

3.2.6 Possible use cases and implementation sites

Several interviewees discussed potential applications of the Strokefinder MD100 within the
prehospital stroke pathway, particularly in relation to destination triage and referral decisions
[56] [42] [40]. Participants suggested that the device could potentially support EMS personnel
in determining the most appropriate receiving facility for patients with suspected stroke. A scan
result that is stroke positive could be a possible indicator for direct transfer to a stroke capable
centre or a facility with CT availability [56] [40]. Some interviewees further suggested that, if
versions of the Strokefinder were capable of distinguishing between ischemic and haemorrhagic
stroke, this information could potentially influence referral decisions regarding facilities with
thrombectomy availability [40].

Several participants highlighted the prehospital environment as a potentially valuable implemen-
tation setting for the technology [56] [43] [42] [41] [40]. Potential challenges associated with
implementation in current EMS systems could include the limited ambulance availability and
inconsistencies in referral pathways [43]. Participants noted that these factors could influence

how the technology would ultimately be integrated into clinical workflows [43] [41].

At the district and regional hospital level, a possible "rule out" application of the Strokefinder
was suggested, particularly in settings where CT is not available in evenings or weekends [56].
Proposals that negative scan results in clinically stable patients could potentially reduce un-
necessary overnight transfers to tertiary hospitals and instead allow observation at lower-level
facilities until formal imaging becomes available [56]. This potential use case was discussed

primarily in relation to hospitals with limited imaging access after hours [27] [40].

Another potential use case for the device could be used in patient prioritization while awaiting
CT imaging or treatment [27] [56]. During discussions it was highlighted that the Strokefinder
version capable of differentiating subtypes of stroke could be particularly important when it

comes to potentially making decisions in emergency departments, leading to earlier treatment
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[40].

During discussions of potential applications of the device for TBI, participants suggested that the
system could be used as a screening tool for mild to moderate head injuries in order to identify
patients at lower risk of intracranial bleeding [27]. In such cases clinically stable patients could
potentially undergo neurological observation instead of immediate CT scanning, while the CT
could be reserved for patients who are in greater immediate need. Interviewees described this
as particularly relevant in settings with high patient volumes and constrained imaging resources
[27].

Lower-level hospitals and healthcare facilities in rural areas were also identified as possible
implementation sites, particularly in settings with limited CT access or specialist stroke services
[42] [41] [40].

3.2.7 Possible clinical study sites

Several interviewees discussed the potential role of diagnostic accuracy and feasibility studies
as initial steps in the clinical evaluation of the proposed technology [42] [40] [50]. Participants
suggested that early studies would likely involve comparisons between device findings and CT
imaging as the reference standard [42] [40]. Emergency departments were frequently described
as suitable study environments, since patients undergoing CT scans could potentially also be
assessed using the Stokefinder device without substantially altering existing clinical workflows
[40].

Interviewees further suggested that prospective study designs would likely be preferable for eval-
uation of the clinical performance of the system [50]. Participants emphasized the importance
of patient selection strategies, randomisation approaches and assessment of feasibility prior to
implementation in larger clinical trials [S0] [42]. Feasibility studies were described as important
for assessing whether the device can be integrated into routine clinical settings and workflows

before evaluating the potential effect on referral pathways or patient outcomes [42].

Academic and tertiary hospitals were commonly identified as potential sites for clinical studies,
due to the large patient volumes, established stroke workflows and 24 hour access to CT imaging
[45] [41] [40]. Stroke units and academic centres, such as Groote Schuur in the WC region were
specially highlighted as potential environments for stroke related early phase studies [45] [41].
Participants noted that sufficient patient volumes would likely be necessary in order to achieve

adequate statistical power and assess diagnostic performance reliably [41] [27].

For TBI applications, the acute trauma unit at Tygerberg Hospital was proposed as a potential
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pilot site [27]. Interviewees described that the unit receives a broad spectrum of TBIs, including
GCS mild, moderate, and severe cases, partly because of limited CT availability at surrounding
hospitals after hours and during weekends. It was suggested that initial pilot studies could focus
on mild TBI and compare device findings with CT results over a defined data collection period
[27]. Based on the patient flow at the acute trauma unit, it was suggested that approximately
three to six months could potentially be used to have recruited at a minimum 300 patients in the
defined category and reach statistical power to be able to assess feasibility before progressing to

larger scale investigations [27].

Prehospital clinical studies were also discussed as a possible application area for the future
[40] [41]. Participants noted that EMS systems in the WC region could potentially be suitable
collaborators for such clinical studies, although it is acknowledged that prehospital clinical trials
may involve logistical and ethical complexities [41].

Several interviewees highlighted the administrative and practical requirements that are associated
with the conducting of clinical trials in this context. These included the need for dedicated staff,
allocated workspace, potential collaboration with institutions, processes for ethical approval,
and engagement with provincial health authorities [27] [45] [S0].

3.3 Possible challenges

Although several opportunities for conducting a clinical trial of the Strokefinder MD100 were
identified, the interviews also highlighted a number of potential challenges. This section
presents organisational, resource-related, ethical, and regulatory considerations that may affect

the planning and conduct of a clinical trial in the Western Cape context.

3.3.1 Organisational and resource-related challenges

Interviewees described organisational and logistical barriers that could potentially affect im-
plementation of clinical trials within the South African healthcare system [46] [27] [40] [55].
Participants suggested that identifying motivated collaborators, departments or champions can
be challenging and important for initiating and sustaining a study [46]. It was also suggested that
interest in participation could depend on whether healthcare facilities perceive a direct clinical

benefit or sufficient financial support associated with the project [55].

Resource limitations were repeatedly mentioned as a potential challenge, particularly within
the public sector [40] [27] [S5]. Interviewees noted that clinical trials may require dedicated
staff members for data collection and device operation, rather than relying on already burdened

clinical personnel [40]. Questions were also raised regarding staffing during overnight hours and

34



3. Results

how device related procedures could be integrated into existing workflows without interfering
with routine patient care [27]. One participant additionally suggested that financial constraints
within the public sector may complicate implementation if additional funding or incentives are
not available [55].

Participants further described clinical trials as administratively demanding and resource intensive
[40]. Potential challenges discussed included deviation in protocols, screening failures, extensive
documentation requirements and need for additional personnel and clinical trial infrastructure
[40]. The importance of defining realistic study aims and avoiding overly ambitious trial designs

during early stages of development [50].

3.3.2 Ethical and regulatory consierations

Interviewees identified several regulatory and ethical considerations related to conducting clin-
ical trials EMS and prehospital settings [40] [47] [S0]. Participants suggested that regulatory
pathways for medical devices in higher risk classes may currently be insufficiently defined, po-
tentially creating uncertainty regarding approval procedures and clinical validation requirements
[47]. Both institutional registration and regulatory body approval were described as necessary

processes that may substantially prolong study initiation timelines [47].

Challenges associated with conducting prehospital research under existing regulatory frame-
works were discussed [40]. An issue described was that current regulations may assume that
investigational interventions are administrated by medical doctors, which may not align with
prehospital environments where paramedics or other emergency care providers would likely
operate the device. Further it was noted that definitions of clinical trial sites may be difficult to
apply in prehospital settings, where patient inclusion and intervention can occur across multiple

unpredictable locations [40].

It was additionally suggested that implementation within the public sector would likely require
not only from provincial health authorities, but also from local departmental leadership and
healthcare professionals directly involved in patient management [50]. It was noted that imple-
mentation strategies initiated from the top-down may encounter resistance if local stakeholders

are not actively engaged in the process [50].

3.3.3 Delayed consent and post-trial access

The issue of delayed consent in EMS research was specifically discussed by interview partic-
ipants [40]. It was suggested that patients experiencing acute stroke or TBI may not always
have the capacity to provide fully informed concent during the emergency phase of care [40].

As a result, participants described delayed consent models as potentially necessary for EMS
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clinical trials, where consent procedures are conducted after initial stabilisation rather than at
the moment of enrollment [40]. Interviewees further noted that emergency clinical trials remain
relatively uncommon in SA, which may contribute to uncertainty among ethics committees and

regulatory bodies regarding how such concent models should be applied [40].

Post-trial access was identified as an important ethical consideration [40]. Participants suggested
that if a device demonstrates clinical benefit during testing, consideration should be given
to whether SA public healthcare system would realistically be able to access or afford the
technology after study completion [40]. Interviewees described concerns regarding situations
where research is conducted within SA, but the long-term benefits primarily become available
in higher income settings [40]. Potential approaches discussed included contractual agreements,
subsidisation models, or other mechanisms aimed at ensuring future accessibility of successful

technologies within the local healthcare system [40].

3.4 Economic evalutation

Implementation of new medical technologies requires evaluation of both clinical benefits and
economic consequences. Cost-effectiveness analyses are commonly used to assess whether the
additional costs of an intervention are justified by the health benefits it provides. One commonly
used measure is the quality-adjusted life year, which combines both the length and quality of
life gained from an intervention. By comparing the costs of a new technology with the expected
health benefits, economic evaluations can support decisions regarding whether an intervention

provides sufficient value for the healthcare system.

Implementation of the Strokefinder MD100 would require an initial financial investment com-
pared with currently used clinical triage tools, which are primarily based based on clinical
assessment scales and do not involve dedicated diagnostic hardware. Assuming an estimated
device cost of €90 000 per unit, the total implementation cost would depend on the number of
devices acquired and deployed within the healthcare system. The estimated costs associated with
the device include not only hardware acquisition, but also training of healthcare systems, but
also training of healthcare personnel, integration into existing clinical workflows and healthcare
systems, and ongoing operational expenses. Potential recurring costs may include single-use
hygiene covers, software updates, maintenance, charging and electricity use, as well as periodic
refresher training for healthcare professionals. The estimated cost of €90 000 represents an as-
sumed acquisition cost and may differ from the actual implementation cost in the SA healthcare
system. Therefore, the following economic calculations should be interpreted as scenario-based

estimates rather than precise predictions of implementation costs.

The Strokefinder is not expected to require additional clinical staffing, as proposed implemen-
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tation model involves training already existing healthcare personnel responsible for triage and
patient assessment to operate the device. This assumption depends on successful integration of
the device into existing workflows, and additional operational requirements may introduce costs

not captured in the current model.

Previous studies evaluating stroke treatment pathways have demonstrated that earlier treatment
of acute stroke may provide substantial clinical and economic benefits. One study investigation
endovascular treatment for large vessel occlusion stroke reported that each minute reduction in
treatment delay was associated with a median gain of approximately 1.3 disability-free days,
while cumulative healthcare costs over a five-year period remained relatively unchanged [57].
The same study estimated a net monetary benefit (NMB) increase of €309 every minute earlier
endovascular treatment [57]. These findings originate from healthcare systems with different
resources and treatment pathways compared to SA. A reduction in time-to-treatment may not
necessarily translate into improved outcomes if access to imaging, thrombolysis, thrombectomy,

or specialist care remains limited.

Similarly, another study found that every 10-minute reduction in treatment delay resulted in an
average gain of 39 disability-free life days [58]. Although lifetime healthcare costs remained
comparable between earlier and later treatment groups, earlier intervention was associated with
improved health outcomes and increased net monetary benefit from both healthcare and societal
perspectives [58]. These meaningful economic and clinical benefits, even in situations where

total long-term healthcare expenditures remain relatively stable.

Timely management is also important in TBI, where faster access to appropriate care has been
associated with reduced morbidity and mortality[59]. Earlier triage and diagnosis may poten-
tially enable more rapid initiation of both acute treatment and rehabilitation services. Previous
studies have shown that earlier rehabilitation following TBIs is associated with improved physi-
cal recovery, better cognitive outcomes, and shorter overall rehabilitation duration, which may

additionally contribute to reduced rehabilitation-related costs [60] [61].

The following calculations are simplified estimates based on published data from high-income
healthcare settings. The transferability of these economic benefits to the WC healthcare context
remains uncertain, including the WTP for improved stroke outcomes.

* Assumed cost per device: €90 000

Assumed lifetime of the Strokefinder: 6 years

Assumed number of measurements per device per year: 500 patients (scenario assumption)

Total expected measurements during device lifetime: 3 000 patients (500 patients/year x
6 years)
Estimated cost per patient measurement: $34.76/patient (€90 000 converted to $104 267
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/ 3 000 measurements)

* Assumed time reduction per patient: 10 minutes (based on US-based estimates from
literature) [58]

» Estimated QALY gain associated with a 10-minute reduction in treatment delay: 0.107
QALYs (39 disability-free days/365, assuming disability-free days approximate full health
utility), derived from literature [58]

* Willingness-to-pay threshold (1): $3 015 per QALY [62]

It has been estimated reported that reductions in time-to-treatment of approximately 10 minutes
are associated with minimal changes in overall healthcare costs (AC), while resulting in sub-
stantial health gains (AB) [58]. Under these assumptions, the estimated net monetary benefit
can be calculated to evaluate whether the expected health benefit justifies the additional cost of
implementation. In order to relate device cost to expected economic benefit, the device price of
€90 000 is converted to $ 104 267.

The economic evaluation was performed on a per-patient basis. The cost of implementing the
Strokefinder was distributed across the expected number of measurements during the lifetime
of the device. Assuming a device lifetime of 6 years and 500 measurements per year, the total

number of expected measurements is estimated as:

6 - 500 = 3000 measurements

The estimated cost per patient measurement is therefore:

$104 267
$3000

The net monetary benefit was estimated by converting the expected QALY gain into monetary

= $34.76 per patient

value using the WTP threshold and subtracting the additional cost per patient associated with

the implementation of the Strokefinder.

NMB = (3015 x 0.107) - 34.76 = $287.85 per patient

A positive NMB suggests that, under the stated assumptions, the expected health benefits out-
weigh the additional costs per patient, including potential cost-effectiveness of the intervention.
This estimated economic value should be interpreted as a theoretical scenario rather than the
expected financial benefit of implementation in SA. Actual outcomes will depend on local health-
care capacity, treatment availability, and whether saved time can be converted into improved

patient outcomes.

3.4.1 Proposal of clinical study site and design

Information gathered during the literature study and interviews suggest that a possible clini-

cal trial for the device, regardless of intended use, could preferably be conducted within the
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public healthcare sector with a university or academic hospital acting as sponsor. The public
sector was considered suitable due to the larger patient volumes and the established integration
with academic and research environments. By conducting the study through a hospital-based
or university-affiliated structure, costs may potentially be reduced through the use of existing
personnel and infrastructure . The proposed primary aim of the study should initially be to
demonstrate that the Strokefinder MD100 can be integrated into the intended healthcare context
without disrupting existing workflows or increasing the burden on healthcare staff, and thereafter
to evaluate whether the device contributes to systematic reductions in time from symptom onset

to diagnosis and treatment.

To achieve this, a two-phased study design is considered appropriate. The initial phase would
involve a feasibility and validation study conducted in a tertiary hospital environment, including
patients presenting with suspected acute stroke or TBI within 2 hours of symptom onset. During
this phase, patients would undergo standard triage procedures followed by examination with
the Strokefinder MD100 prior to confirmatory CT imaging. The CT results would then serve
as the reference standard for evaluation of the diagnostic performance of the device, including
measures such as sensitivity and specificity. For TBI applications, the trauma unit at Tygerberg
Hospital was identifies as a suitable site due to the high patient volumes and broad spectrum of
TBI cases. For stroke-related applications Groote Schuur Hospital was highlighted due to its
established stroke pathways and 24-hour access to CT imaging. Following successful feasibility
and validation testing, the study could progress to a second phase focusing on evaluation of
systematic time savings associated with implementation of the device. In this phase, patients
assessed using the Strokefinder MD100 could be compared with patients managed according
to existing clinical pathways and triage systems. This phase could potentially involve selecting
EMS units and lower-level healthcare facilities within the Western Cape region, although no

specific units were identified during the study.
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Discussion

In this discussion, several potential applications and implementation context for the Strokefinder
MD100 are considered in relation to how a clinical study should be designed. During the
conducted interviews it was mentioned, as described in the results, that the device has a possible
value in multiple settings, including different stages for both stroke and TBI. For stroke care,
suggested possible applications included usage in the prehospital pathway to support destina-
tion triage and referral decisions, assisting emergency staff when deciding where to transport
the patient. Additionally, supporting prioritization of patients while awaiting CT imaging or
treatment at hospital level. For TBI care, the system was described as potentially useful as a
screening tool with the aim of identifying patients at lower risk of intracranial bleeding. As these
different applications address distinct clinical needs and could be evaluated in different settings,
the discussion presents several alternative proposals for how a clinical trial of the Strokefinder
MD100 could be designed.

4.1 Key considerations for clinical trial design

When discussing how a clinical trial for the Strokefinder MD100 should be designed in the
Western Cape context, several aspects must be considered, including the study design, spon-
sorship model, participant inclusion, consent procedures, an most importantly, the intended
outcome of the study. Defining the primary objective of the trial was considered crucial, as
this determines both the study structure and what outcomes should be evaluated. During the
field study, several interview participants emphasized that successful implementation of a clin-
ical trial requires motivated collaborators and engaged staff. It was repeatedly highlighted that
healthcare staff need to understand both the purpose of the study and the potential value of
the technology in order to support the implementation. In this context, the main perceived
value was related to improved patient outcomes and reduced time from symptom onset to di-
agnosis and treatment. Based on mentioned factors, it could be argued that the clinical trial

should be divided into different phases, where each phase addresses a specific research objective.

One important practical aspect of the study design concerns sponsorship. According to SAHPRA
guidelines, clinical trials in South Africa can be conducted either with or without an external
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sponsor, provided that the responsibilities normally assigned to a sponsor are clearly defined
within the study protocol. Both sponsorship models were discussed during the interviews and
were considered to have both advantages and disadvantages. Hospital-sponsored studies may
potentially, reduce overall study costs by utilizing already existing personnel and infrastructure
within the healthcare system. In contrast, studies involving external sponsors or CROs may
involve higher costs, but could provide advantages in terms of dedicated research infrastructure,
quality assurance processes, and administrative support. The most appropriate sponsorship
model would therefore likely depend on the available resources, study requirements, and practical

circumstances surrounding the trial.

4.1.1 Proposed clinical study design

When considering the structure of the clinical trial, it was regarded as important that each
included phase addresses a clearly defined clinical question. Throughout the interviews, a
relatively consistent view was seen regarding how a study of the Strokefinder MD100 should
preferably be conducted. Participants emphasized the importance of initially demonstrating that
the device can function within the existing healthcare context without disrupting established
workflows or placing additional burden on healthcare staff. Furthermore, it was considered
important to generate local data regarding diagnostic performance, including sensitivity and
specificity within the Western Cape population. Once feasibility and validation have been es-
tablished, the study could progress towards evaluating more system-related outcomes, such as

whether implementation of the device contributes to reduced time from stroke onset to treatment.

Several different clinical study designs were considered relevant when discussing how the trial
should be structured. Clinical studies can generally be divided into observational and exper-
imental designs, with experimental studies further including multiple possible trial structures
and designs. Since the Strokefinder MD100 actively interacts with the patient and is intended
to support clinical decision-making, the proposed trial would be considered interventional in
nature. Due to the characteristics of the intended patient population, certain aspects of the
study design were also relatively predefined. Patients include in the study would present with
suspected stroke of traumatic brain injury in acute settings, making it difficult to establish pre-
defined cohorts followed over time in the same way as in many other clinical studies. Instead,
the experimental group would consist of patients assessed using the Strokefinder MD100 in

combination with standard clinical care.

Another important consideration concerns the consent procedure. Since patients presenting
with acute stroke or TBI may have impaired consciousness or reduced decision-making capacity
during the emergency phase, delayed consent models were considered necessary for this type of

study. Such an approach would allow inclusion during the acute phase of care while informed
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consent could instead be obtained after initial stabilization.

Based on discussions with interview participants experienced in clinical trial planning, a two-
phase study emerged as a particularly suitable approach for this context. In the initial phase,
the focus would be on feasibility and validation within an existing clinical workflow. Patients
would first undergo standard triage and assessment procedures before being examined using the
Strokefinder MD100 prior to confirmatory CT imaging. The CT results would then serve as the
reference standard for evaluation of the diagnostic performance of the device. Conducting the
study in this way would make it possible to evaluate whether the technology can be integrated
into routine clinical practice without significantly disrupting existing workflows or delaying
standard patient management. This phase would also generate local validation data regarding

the performance of the device in the Western Cape context.

Following successful feasibility and validation testing, the study could potentially progress to
a second phase focusing on system-related outcomes and transport pathways. In this phase,
patients assessed using the Strokefinder MD100 could be compared with patients managed ac-
cording to standard clinical pathways and existing triage systems. The purpose of this phase
would primarily be to evaluate whether implementation of the device contributes to reduced
time to diagnosis and treatment. One important advantage of such a phased approach is that it
reduces the risk of destining an overly ambitious trial at an early stage, which was highlighted
during several interviews as a common challenge in clinical research within the South African

healthcare system.

Dividing the clinical evaluation into several phases could also provide advantages from a reg-
ulatory perspective. If future versions or applications of the device are considered sufficiently
similar to previously evaluated intended uses, earlier validation data may potentially support

later regulatory applications and reduce the need for repeating all early-stage investigations.

Based on the findings from the field study, endpoints related to integration into the healthcare
system and reduction in treatment delays were considered particularly important in the proposed
clinical trial. Additional outcomes that may be relevant for future studies include measures such
as door-to-CT time, defined as the time interval between hospital arrival time and confirmatory
imaging. Meaning how much time can be saved if the Strokefinder is used to make patient

referral decisions.

Based on the TBI patient flow at the acute trauma unit at Tygerberg Hospital in Cape Town, it
was suggested that approximately three to six months could potentially be used to have recruited
at a minimum 300 patients in the defined category and reach statistical power to be able to assess

feasibility before progressing to larger scale investigations.
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4.1.2 Suggested clinical study sites

A central question when discussing a possible clinical trial of the Strokefinder MD100 is suitable
study sites to perform the trial at. Based on the interviews conducted during the field study,
several aspects were identifies as important in this process, including differences between the
public and private healthcare sectors, patient volumes, access to research infrastructure, work-
flow integration and the intended future implementation area of the device. The findings further
suggested that the most suitable setting for an initial clinical trial may not be in the same setting

as the most suitable implementation.

When comparing the public and private healthcare sectors both advantages and disadvantages
were identified. The private healthcare sector was described as having greater access to re-
sources, leading to patients presenting earlier and a more rapid patient flow throughout diag-
nostics and treatment, which could be considered beneficial in stroke-related applications where
time is a critical element. However, several interview participants described the private sector
as more cautions regarding experimental interventions and emerging technologies, which may
complicate the initiation of clinical trials. In addition it was highlighted that the private sector
might lack full availability of established in-house research infrastructure, potentially requiring

more involvement of external coordinator or CROs during the study process.

The public healthcare sector was instead identified as potentially more suitable for early phase
clinical studies. One major reason for this was the substantially larger patient volumes at public
tertiary hospitals, which may facilitate faster requirement and improve the possibility of achiev-
ing sufficient statistical power within a reasonable time frame. Furthermore, public academic
hospitals were described as having stronger integration with universities and established re-
search environments, including access to institutional ethics committees and clinical research
infrastructure. Although the public sector is often characterized by resource limitations and
heavy clinical workloads, the combination of patient volume, existing stroke workflows and
academic collaboration may make tertiary public hospitals more feasible environments for an

initial validation and feasibility study.

During the field study a clear distinction emerged between potential implementation sites and
suitable sites for conducting the first clinical trial. Several interviewees highlighted the prehos-
pital stroke pathway as one of the most relevant future implementation areas for the Strokefinder
MD100, particularly in relation to destination triage and referral decisions. In such settings, the
device could potentially support EMS personnel in identifying patients requiring urgent trans-

fers to facilities with CT imaging or thrombectomy capability. Despite this potential value, the
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prehospital setting may currently be difficult to use for an initial clinical trial in the Western Cape
context. Several practical, ethical and regulatory barriers related to conducting the trial in a pre-
hospital setting were identified during the interviews. One challenge that was discussed was that
existing regulatory frameworks may assume that investigational interventions are administrated
by medical doctors, whereas a prehospital study would likely rely on paramedics or emergency
care personnel operating the device. Additional challenges include the non-specified location of
prehospital care, where patient interventions may occur across multiple unpredictable locations
rather within a controlled hospital environment. Furthermore, patient recruitment in a prehos-
pital setting may be slower and more logistically demanding, which could potentially prolong
the study period and complicate the data collection. Taken together, these factors suggested that
although prehospital implementation may be a highly relevant application of the technology, it

may not represent the most feasible environment for an initial validation study.

Instead, the interviews indicated that an early-phase clinical trial may be suitable to be conducted
in a tertiary hospital environment. Several participants specifically highlighted academic stroke
centres such as Groote Schuur Hospital in Cape Town due to the large patient volumes, estab-
lished stroke pathways, and 24-hour access to CT-imaging. Such a setting would comparison
between device findings and CT imaging without altering the existing workflows. A hospital-
based feasibility and validation study could therefore represent a more realistic first step before
progressing towards more complex implementation studies in prehospital environments in the

future.

4.1.3 Human and organisational factors influencing trial feasibility

In addition to organisational and logistical factors, the interviews also highlighted the importance
of staff engagement and local ownership during implementation of new technologies and clinical
trials. Regardless of the selected study site, successful implementation was described as highly
related and dependent on whether staff members understand the purpose and potential value
of the project. Several interview participants emphasized that changes introduced without
clear motivation or practical support may face resistance, particularly in environments with
high workload and limited resources. Interestingly, despite the demanding conditions within the
public healthcare sector, staff members at Tygerberg Hospital trauma unit were generally positive
towards the possibility of participating in a clinical trial, provided that the staff felt involved
in the process and understood the potential clinical value of the medical device. This suggests
that staff engagement and perceived clinical relevance may be as important as infrastructure and

resources when selecting future study sites for the clinical trial.
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4.2 Limitations

Several limitations should be considered when interpreting the findings of this study. First, the
number of conducted interviews was relatively limited, and although participants represented
multiple perspectives within the WC healthcare system, additional interviews and broader data
collection could potentially have provided a wider range of insights regarding implementation
challenges, workflow integration, and clinical needs. Recruitment of relevant stakeholders was
also challenging, particularly due to the limited availability and demanding schedules of clini-

cians, healthcare managers, and emergency care personnel.

The field study was conducted over a relatively short period of approximately three months. A
longer study period could potentially have enabled more extensive stakeholder engagement, ad-
ditional site visits, and deeper analysis of clinical workflows and referral pathways. Furthermore,
a larger proportion of interviews were conducted within the public healthcare sector compared
with the private sector, which may have influenced the perspectives and priorities reflected in

the results. Additionally, a clinical study protocol is not written in this project.

Another limitation is that many interview participants had academic or research-related back-
grounds. Although this provided valuable expertise regarding clinical trials and implementation
strategies, inclusion of a broader range of professions and operational healthcare staff may have
contributed additional practical perspectives regarding implementation, the conducting of clin-

ical trials and effects of resource constraints.

Geographically, the study primarily focused on stakeholders located in Cape Town and surround-
ing urban areas. Since the WC covers large rural regions with substantially different healthcare
infrastructure and access conditions, the findings may not fully reflect challenges present in

more remote settings.

As master’s students conducting this project, there is also an inherent limitation in the group
members level of clinical, regulatory and technical knowledge regarding all aspects of the de-
vice and healthcare system. This may have influenced the ability to fully address technical
questions, concerns, or implementation-related uncertainties raised during interviews, and may

also have affected the interpretation of certain healthcare processes and stakeholder perspectives.

Another limitation was the relatively limited availability of detailed local data regarding patient
flows, referral pathways, imaging utilization, and the economic burden of stroke and TBI within
the WC context. Difficulties in obtaining such data from both public and private sectors com-

plicated the development of more detailed implementation models and clinical trial proposals.
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In addition, stakeholders from different professional backgrounds often expressed differing
opinions regarding optimal implementation sites, study designs, and clinical use cases for the
proposed technology. While these differing perspectives provided valuable insight into the
complexity of the healthcare system, they also made it challenging to determine which priori-
ties or recommendations should be emphasized most strongly in the proposed implementation

strategies.

Finally, although substantial evidence exists regarding the burden of stroke and TBI globally, the
availability of stroke and TBI data from the WC region remained limited. This complicates the
ability to fully quantify the local clinical and economic need for implementation of the proposed

technology within the regional healthcare system.

4.3 Health economy

The economic estimates presented in the economic evaluation should be interpreted as simpli-
fied, scenario-based calculations rather than a complete health economic evaluation. Several
assumptions were made regarding device cost, device lifetime, number of patients treated, and
achievable reductions in time-to-treatment. The analysis is based on a WTP threshold applied to
QALYs, while clinical effect estimates are derived from previously published studies conducted
in high-income healthcare settings. The extent to which these findings can be directly transferred

to the SA healthcare context remains uncertain.

The estimated economic benefit reduced treatment delays is dependent on whether earlier triage
using the Strokefinder would actually translate into faster access to CT imaging, thrombolysis,
thrombectomy, or rehabilitation services. Interviews conducted in this study suggested that
delayed access to imaging, interfacility transfer requirements, and limited after-hours CT avail-
ability may cause bottlenecks within parts of the public healthcare sector. Consequently, the
potential value of the device may depend not only on diagnostic performance, but also on the

surrounding healthcare infrastructure and referral pathways.

Another important aspect is that implementation of the device could potentially increase de-
mand for confirmatory CT imaging, particularly if the device is used as an additional triage
tool rather than as a replacement for imaging. While earlier identification of stroke patients
may improve prioritization and reduce delays for some patients, it may simultaneously increase
pressure on already resource-constrained imaging services. The balance between these effects
remains unclear and would likely need to be evaluated prospectively after implementation. A
potential effect could also be that more pressure is applied on the government to invest in more

CT scans.
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The potential societal benefits associated with reduced disability may be particularly relevant in
the SA setting, where stroke frequently affects economically active populations and where access
to long-term rehabilitation and social support may be limited. Earlier treatment could therefore
potentially influence not only direct healthcare costs, but also caregiver burden, productivity
loss, and long-term dependency. These indirect potential societal costs were not included in the

calculations.

4.4 Ethical considerations

One of the most prominent ethical aspects identified throughout this study relates to the substan-
tial inequalities that exist within the SA healthcare system. Multiple interviews highlighted that
the large differences in access to imaging, ambulance availability, and stroke treatment pathways
between public and private sectors, as well as between urban and rural settings. These disparities
raise important ethical questions regarding who would realistically benefit from implementation
of advanced diagnostic technologies such as the Strokefinder. It is likely that the device has
the potential to improve care for patients in more vulnerable rural areas but there is a risk that
populations in richer urban areas with less resource constraints benefit the most from the device

depending on where it is implemented

A potential ethical concern is that implementation of new technologies may unintentionally ben-
efit healthcare environments and populations that are already more well resourced compared to
other environments and populations in the region. Facilities with existing access to CT imaging,
stroke units, thrombechtomy services, and structured referral pathways may be more capable of
integrating and utilizing the device effectively, while settings with less resources continue to face
the the same systematic barriers regardless of additional support. There is therefore a risk that
technological implementation could contribute to widening existing inequalities if deployment

strategies are not specifically designed to address these challenges.

Geographical conditions within the WC constitute an important ethical consideration. Long
transport distances, rural infrastructure limitations, and variable ambulance availability as well
as limited knowledge about stroke symptoms, may strongly influence whether earlier stroke de-
tection can realistically translate to earlier treatment. In several interviews, ambulance shortages
and prolonged transport times were described as a major constraints within EMS care pathways.
In this context, improved diagnostic capability alone may not necessarily improve outcomes

unless accompanied by sufficient transport capacity and access to care at hospital facilities.

Another important consideration relates to the broader challenge of introducing technologies that

has been developed in high income healthcare contexts into low- and middle-income healthcare
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contexts. Throughout the interviews, participants repeatedly emphasized the importance of
understanding the local healthcare context before proposing technological solutions. Several
stakeholders highlighted that implementation strategies cannot simply replicate workflows from
other contexts, but instead need to account for local referral structures, workforce limitations,

limited imaging availability, infrastructure constraints, and financial realities.
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Conclusion

This thesis investigated how clinical trials can be conducted within the healthcare system of
the Western Cape region in South Africa, including relevant stakeholders, suitable study sites,
practical considerations, attitude towards clinical research and potential challenges. The pur-
pose was to develop a theoretical proposal for how a clinical trial of the Strokefinder MD100
could be designed within this specific context. This was achieved through a combination of
literature review, field observations, and interviews with relevant stakeholders conducted on
site. Through this process, sufficient information was gathered to allow the group to formulate a

proposal for a possible future clinical trial design adapted to the Western Cape healthcare setting.

Based on the findings of this thesis, a clinical trial of the Strokefinder MD100 appears most
feasible within the public healthcare sector in the Western Cape region. The combination of
high patient volumes, established clinical pathways, and integration with academic research
environments provides favorable conditions for conducting an early-stage clinical evaluation.
The findings further suggest that a phased study design may be the most appropriate approach.
An initial feasibility and validation phase conducted in a tertiary hospital setting could establish
the diagnostic performance of the device and assess its compatibility with existing clinical
workflows. If successful, this could be followed by a second phase evaluating whether the use
of the device contributes to reduced delays in diagnosis and treatment within the stroke and TBI
care pathways. Such an approach would allow both the practical feasibility and the potential

clinical value of the technology to be evaluated before larger-scale implementation is considered.

The present study highlighted that successful implementation of clinical research in this context
depends not only on technical performance, but also on staff engagement, workflow integration,
realistic study design, and adaption to the local healthcare environment. In particular, the im-
portance of motivated collaborators, local ownership, and clear communication with involved
healthcare personnel emerged as central factors influencing the feasibility of the proposed clin-

ical trial.

Overall, the findings of this thesis suggests that a clinical trial of the Strokefinder MD100 in the
Western Cape region appears feasible, provided that the study is carefully adapted to the local

healthcare context and introduced through a two-phased clinical study approach.

51



5. Conclusion

Acknowledgement

Al-based language tools, including Grammarly and ChatGPT, were used for proofreading and
linguistic refinement of this report. The authors independently developed all content, analysis,

interpretations, results and conclusions.

52



[2]

[4]

[7]

Bibliography

National Heart, Lung, and Blood Institute. “Stroke — what is a stroke?”” Accessed: 2026-
02-01, National Institutes of Health. [Online]. Available: https://www.nhlbi.nih.
gov/health/stroke.

Y. Zhao, X. Zhang, X. Chen, and Y. Wei, “Neuronal injuries in cerebral infarction and
ischemic stroke: From mechanisms to treatment,” International Journal of Molecular
Medicine, vol.49,n0.2,p.15,2022. por: 10.3892 /i jmm.2021.5070. Accessed: Apr. 28,
2026. [Online]. Available: https://pubmed.ncbi.nlm.nih.gov/34878154/.

R. O. Akinyemi et al., “Stroke in africa: Profile, progress, prospects and priorities,”
Nature Reviews Neurology, vol. 17, pp. 634-656, 2021, Accessed: 2026-02-01. por:
10.1038/s41582-021-00542-4. [Online]. Available: https://www.nature.com/
articles/s41582-021-00542-4.

Stroke Foundation. “Ischaemic stroke — blocked artery.” Accessed: 2026-02-01, Stroke
Foundation (Australia). [Online]. Available: https://strokefoundation.org.au/
about - stroke /learn/what - is - a- stroke /ischaemic - stroke - blocked -
artery.

Stroke Foundation. “What is a stroke?”” Accessed: 2026-02-01, Stroke Foundation (Aus-
tralia). [Online]. Available: https://strokefoundation.org.au/about-stroke/
learn/what-is-a-stroke.

National Heart, Lung, and Blood Institute. “Stroke symptoms.” Accessed: 2026-02-01,
National Institutes of Health. [Online]. Available: https://www.nhlbi.nih. gov/
health/stroke/symptoms.

Stroke Foundation. “Haemorrhagic stroke — bleed in the brain.” Accessed: 2026-02-01,
Stroke Foundation (Australia). [Online]. Available: https : //strokefoundation .
org.au/about - stroke/learn/what-is-a- stroke/haemorrhagic- stroke-
bleed-in-the-brain.

National Heart, Lung, and Blood Institute. “Stroke diagnosis.” Accessed: 2026-02-01,
National Institutes of Health. [Online]. Available: https://www.nhlbi.nih. gov/
health/stroke/diagnosis.

National Heart, Lung, and Blood Institute. “Stroke treatment.” Accessed: 2026-02-01,
National Institutes of Health. [Online]. Available: https://www.nhlbi.nih. gov/
health/stroke/treatment.

53


https://www.nhlbi.nih.gov/health/stroke
https://www.nhlbi.nih.gov/health/stroke
https://doi.org/10.3892/ijmm.2021.5070
https://pubmed.ncbi.nlm.nih.gov/34878154/
https://doi.org/10.1038/s41582-021-00542-4
https://www.nature.com/articles/s41582-021-00542-4
https://www.nature.com/articles/s41582-021-00542-4
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/ischaemic-stroke-blocked-artery
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/ischaemic-stroke-blocked-artery
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/ischaemic-stroke-blocked-artery
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke
https://www.nhlbi.nih.gov/health/stroke/symptoms
https://www.nhlbi.nih.gov/health/stroke/symptoms
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/haemorrhagic-stroke-bleed-in-the-brain
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/haemorrhagic-stroke-bleed-in-the-brain
https://strokefoundation.org.au/about-stroke/learn/what-is-a-stroke/haemorrhagic-stroke-bleed-in-the-brain
https://www.nhlbi.nih.gov/health/stroke/diagnosis
https://www.nhlbi.nih.gov/health/stroke/diagnosis
https://www.nhlbi.nih.gov/health/stroke/treatment
https://www.nhlbi.nih.gov/health/stroke/treatment

Bibliography

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

54

Mayo Clinic Staff. “Stroke — diagnosis and treatment.” Accessed: 2026-01-31, Mayo
Clinic. [Online]. Available: https://www.mayoclinic.org/diseases-conditions/
stroke/diagnosis-treatment/drc-20350119.

Cleveland Clinic, Hemorrhagic stroke, Online, Medically Reviewed. Last updated 10/07/2024,

2024. Accessed: Apr. 28, 2026. [Online]. Available: https://my.clevelandclinic.
org/health/diseases/23969-hemorrhagic-stroke.

A. Bryer, “Stroke care: Leaps in addressing the shortfall with some angels to the rescue,”
South African Medical Journal, vol. 111, no. 3, pp. 196-197, 2021. por: 10.7196/
SAMJ . 2021.v111i3.15103. Accessed: Apr. 28, 2026. [Online]. Available: https:
//pubmed.ncbi.nlm.nih.gov/33944736/.

S. Tribelhorn, F. Motara, and C. M. Lewis, “Stroke: A retrospective review of the incidence
and epidemiology in a south african academic hospital emergency department,” South
African Medical Journal, vol. 111, no. 12, pp. 1205-1210, Dec. 2021. por: 10.7196/
samj.2021.v111i12.15682. [Online]. Available: https://www.scielo.org.za/
scielo.php?script=sci_arttext&pid=S0256-95742021001200014.

National Institute of Neurological Disorders and Stroke. “Traumatic brain injury (tbi).”
Accessed: 2026-01-31, National Institutes of Health. [Online]. Available: https://www.
ninds.nih.gov/health-information/disorders/traumatic-brain-injury-
thi.

C. Iaccarino, A. Carretta, F. Nicolosi, and C. Morselli, “Epidemiology of severe traumatic
brain injury,” Journal of Neurosurgical Sciences, vol. 62, no. 5, pp. 535-541, 2018.
por: 10 .23736/S0390-5616 . 18 . 04532 - 0. Accessed: Apr. 28, 2026. [Online].
Available: https://www.minervamedica.it/en/ journals/neurosurgical -
sciences/article.php?cod=R38Y2018NO5A0535.

N. Parker et al., “An analysis of referral patterns of traumatic brain injury at groote schuur
hospital trauma center,” South African Medical Journal, vol. 114, no. 7, e1829, 2024. por:
10.7196/SAM] . 2024 .v1141i7.1829. Accessed: Apr. 28, 2026. [Online]. Available:
https://doi.org/10.7196/SAM].2024.v11417.1829.

L. L. van den Heuvel, Chapter 14: Traumatic brain injury (tbi), PDF document, University
of Cape Town, 2024. Accessed: Apr. 28, 2026. [Online]. Available: https://health.
uct.ac.za/sites/default/files/content_migration/health_uct_ac_za/
2325/files/Traumatic%2520Brain%2520Injury%255B77%255D.pdf.

T. Adeloye, A. M. Elhadi, A. K. K. Tia, and A. S. Omoregbe, “The burden of traumatic
brain injury in sub-saharan africa: A scoping review,” World Neurosurgery, vol. 156,
e192—205, 2021. por: 10.1016/j .wneu.2021.09.021. Accessed: Apr. 28, 2026.
[Online]. Available: https://www.sciencedirect.com/science/article/abs/
pii/S1878875021013590.


https://www.mayoclinic.org/diseases-conditions/stroke/diagnosis-treatment/drc-20350119
https://www.mayoclinic.org/diseases-conditions/stroke/diagnosis-treatment/drc-20350119
https://my.clevelandclinic.org/health/diseases/23969-hemorrhagic-stroke
https://my.clevelandclinic.org/health/diseases/23969-hemorrhagic-stroke
https://doi.org/10.7196/SAMJ.2021.v111i3.15103
https://doi.org/10.7196/SAMJ.2021.v111i3.15103
https://pubmed.ncbi.nlm.nih.gov/33944736/
https://pubmed.ncbi.nlm.nih.gov/33944736/
https://doi.org/10.7196/samj.2021.v111i12.15682
https://doi.org/10.7196/samj.2021.v111i12.15682
https://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0256-95742021001200014
https://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0256-95742021001200014
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://doi.org/10.23736/S0390-5616.18.04532-0
https://www.minervamedica.it/en/journals/neurosurgical-sciences/article.php?cod=R38Y2018N05A0535
https://www.minervamedica.it/en/journals/neurosurgical-sciences/article.php?cod=R38Y2018N05A0535
https://doi.org/10.7196/SAMJ.2024.v114i7.1829
https://doi.org/10.7196/SAMJ.2024.v114i7.1829
https://health.uct.ac.za/sites/default/files/content_migration/health_uct_ac_za/2325/files/Traumatic%2520Brain%2520Injury%255B77%255D.pdf
https://health.uct.ac.za/sites/default/files/content_migration/health_uct_ac_za/2325/files/Traumatic%2520Brain%2520Injury%255B77%255D.pdf
https://health.uct.ac.za/sites/default/files/content_migration/health_uct_ac_za/2325/files/Traumatic%2520Brain%2520Injury%255B77%255D.pdf
https://doi.org/10.1016/j.wneu.2021.09.021
https://www.sciencedirect.com/science/article/abs/pii/S1878875021013590
https://www.sciencedirect.com/science/article/abs/pii/S1878875021013590

Bibliography

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

T. A. Chikunichawa, “Developing a framework for conducting health technology as-
sessment in resource-constrained settings,” Ph.D. dissertation, Stellenbosch University,
Stellenbosch, South Africa, Mar. 2026.

J. Ljungqvist, S. Candefjord, M. Persson, L. Jonsson, T. Skoglund, and M. Elam, “Clinical
evaluation of a microwave-based device for detection of traumatic intracranial hem-
orrhage,” Journal of Neurotrauma, vol. 34, no. 13, pp. 2176-2182, Jul. 2017. por:
10 . 1089 /neu. 2016 . 4869. Accessed: Apr. 28, 2026. [Online]. Available: https:

//pmc.ncbi.nlm.nih.gov/articles/PMC5510669/.

R. M. O’Meara, U. Ganas, and C. Hendrikse, “Access to acute stroke care: A retrospective
descriptive analysis of stroke patients’ journey to a district hospital,” African Journal of
Emergency Medicine, vol. 12, no. 4, pp. 366-372, 2022, 1ssNn: 2211-419X. por: 10. 1016/
j.afjem.2022.07.010. [Online]. Available: https://www.sciencedirect.com/
science/article/pii/S2211419X22000581.

M. Persson, The challenge of stroke and how prehospital triage using microwaves and ai
can improve care processes, Unpublished PowerPoint presentation, Chalmers University
of Technology, Presented Feb. 18, 2026, Gothenburg, Sweden, Feb. 2026.

K. Govender, S. Girdwood, D. Letswalo, L. Long, G. Meyer-Rath, and J. Miot, “Primary
healthcare seeking behaviour of low-income patients across the public and private health
sectors in south africa,” BMC Public Health, vol. 21, no. 1, p. 1649, Sep. 2021. por:
10.1186/s12889-021-11678-9.

M. Wilkinson et al., “Health technology assessment in support of national health in-
surance in south africa,” International Journal of Technology Assessment in Health
Care, vol. 38, no. 1, e44, 2022. por: 10.1017/S0266462322000265. [Online]. Avail-
able: https://www. cambridge.org/core/services/aop- cambridge-core/
content /view/9722EE23CE2052FB43A9743B1574B386 / S0266462322000265a .

pdf/health- technology - assessment - in- support - of -national - health-

insurance-in-south-africa.pdf.

I. S. Tenza, A.J. Blignaut, S. M. Ellis, and S. K. Coetzee, “Nurse perceptions of practice
environment, quality of care and patient safety across four hospital levels within the
public health sector of south africa,” BMC Nursing, vol. 23, p. 324, 2024. por: 10.1186/
$12912-024-01992-z. [Online]. Available: https://doi.org/10.1186/s12912-

024-01992-z.

South Africa. Department of Health, National health act, 2003: Regulations relating
to categories of hospitals, Government Notice No. R185, Government Gazette No.
35101, Pretoria, South Africa: South African Government, 2012. [Online]. Available:
https://www.gov.za/sites/default/files/gcis_document /201409 /
35101rg9701gon185a.pdf.

H. Lathegan, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Tygerberg Hospital, Mar. 2026.

55


https://doi.org/10.1089/neu.2016.4869
https://pmc.ncbi.nlm.nih.gov/articles/PMC5510669/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5510669/
https://doi.org/10.1016/j.afjem.2022.07.010
https://doi.org/10.1016/j.afjem.2022.07.010
https://www.sciencedirect.com/science/article/pii/S2211419X22000581
https://www.sciencedirect.com/science/article/pii/S2211419X22000581
https://doi.org/10.1186/s12889-021-11678-9
https://doi.org/10.1017/S0266462322000265
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/9722EE23CE2052FB43A9743B1574B386/S0266462322000265a.pdf/health-technology-assessment-in-support-of-national-health-insurance-in-south-africa.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/9722EE23CE2052FB43A9743B1574B386/S0266462322000265a.pdf/health-technology-assessment-in-support-of-national-health-insurance-in-south-africa.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/9722EE23CE2052FB43A9743B1574B386/S0266462322000265a.pdf/health-technology-assessment-in-support-of-national-health-insurance-in-south-africa.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/9722EE23CE2052FB43A9743B1574B386/S0266462322000265a.pdf/health-technology-assessment-in-support-of-national-health-insurance-in-south-africa.pdf
https://doi.org/10.1186/s12912-024-01992-z
https://doi.org/10.1186/s12912-024-01992-z
https://doi.org/10.1186/s12912-024-01992-z
https://doi.org/10.1186/s12912-024-01992-z
https://www.gov.za/sites/default/files/gcis_document/201409/35101rg9701gon185a.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/35101rg9701gon185a.pdf

Bibliography

[28] S. Lahri, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Tygerberg Medical School, Mar. 2026.

[29] J. M. Kabongo, S. Nel, and R. D. Pitcher, “Analysis of licensed south african diagnostic
imaging equipment,” Pan African Medical Journal, vol. 22, p. 57,2015. por: 10.11604/
pamj . 2015.22.57.7016. [Online]. Available: https://www.panafrican-med-
journal.com/content/article/22/57/full.

[30] Netcare Limited, Netcare — the leading private healthcare provider in south africa,https:
//www.netcare.co.za, Accessed: 2026-04-29, 2026.

[31] Mediclinic Southern Africa, About mediclinic southern africa,https://www.mediclinic.
co.za/en/corporate/about-mediclinic-southern-africa.html, Accessed:
2026-04-29, 2026.

[32] S. Govender, O. P. Khalig, R. Naidoo, and J. Moodley, “The current state of emergency
medical services in south africa: A review,” South African Journal of Science, vol. 120,
no. 7/8, p. 16 138, 2024. por: 10 .17159/sajs . 2024 /16138. [Online]. Available:
https://doi.org/10.17159/sajs.2024/16138.

[33] Western Cape Department of Health, Five-year strategic and performance plan 2005/2006:
Vote 06 — health, Annual Performance Plan. Western Cape Provincial Treasury, Western
Cape, South Africa, Mar. 2005. [Online]. Available: https: //www. treasury.gov.
za/documents/provincial%20budget/2005/Provincial%20Strategic¥%20and%
20Performance%20Plans/Annual %20Performance%20Plans/Western%20Cape/
WC%20-%20Vote%2006%20-%205PSPP%20-%20Health. pdf.

[34] Western Cape Government Health and Wellness, Department condemns senseless assaults
on ems crews, Online news article, Western Cape Government, Republic of South Africa,
Mar. 2023. [Online]. Available: https://www.westerncape.gov.za/node/1223.

[35] MDPI Publishing, Medicina, Online journal, Accessed: 2026-02-23, 2026. [Online].
Available: https://www.mdpi.com/journal /medicina.

[36] S. Jain, K. Margetis, and L. M. Iverson, Glasgow coma scale, in StatPearls [Internet],
Updated Jun. 23, 2025, Treasure Island, FL, USA, 2025. [Online]. Available: https:
//www.ncbi.nlm.nih.gov/books/NBK513298/.

[37] G. D. Meyer, T. N. Meyer, and C. B. Gaunt, “Validity of the south african triage scale in
a rural district hospital,” African Journal of Emergency Medicine, vol. 8, no. 4, pp. 145—
149, 2018. por: 10.1016/j.afjem.2018.07.004.

[38] South African Triage Group, The south african triage scale (sats): Training manual,
https://emssa.org.za/wp-content /uploads/2017/10/SATS-Manual . pdf,
Accessed: 2026-04-29, 2012.

[39] E. A. Tynnerstal and A. Thornander, A health technology assessment of the strokefinder
md100: For early detection of stroke and traumatic brain injury in the western cape health-

care system, south africa, Degree project report in Biomedical Engineering, Gothenburg,

56


https://doi.org/10.11604/pamj.2015.22.57.7016
https://doi.org/10.11604/pamj.2015.22.57.7016
https://www.panafrican-med-journal.com/content/article/22/57/full
https://www.panafrican-med-journal.com/content/article/22/57/full
https://www.netcare.co.za
https://www.netcare.co.za
https://www.mediclinic.co.za/en/corporate/about-mediclinic-southern-africa.html
https://www.mediclinic.co.za/en/corporate/about-mediclinic-southern-africa.html
https://doi.org/10.17159/sajs.2024/16138
https://doi.org/10.17159/sajs.2024/16138
https://www.treasury.gov.za/documents/provincial%20budget/2005/Provincial%20Strategic%20and%20Performance%20Plans/Annual%20Performance%20Plans/Western%20Cape/WC%20-%20Vote%2006%20-%205PSPP%20-%20Health.pdf
https://www.treasury.gov.za/documents/provincial%20budget/2005/Provincial%20Strategic%20and%20Performance%20Plans/Annual%20Performance%20Plans/Western%20Cape/WC%20-%20Vote%2006%20-%205PSPP%20-%20Health.pdf
https://www.treasury.gov.za/documents/provincial%20budget/2005/Provincial%20Strategic%20and%20Performance%20Plans/Annual%20Performance%20Plans/Western%20Cape/WC%20-%20Vote%2006%20-%205PSPP%20-%20Health.pdf
https://www.treasury.gov.za/documents/provincial%20budget/2005/Provincial%20Strategic%20and%20Performance%20Plans/Annual%20Performance%20Plans/Western%20Cape/WC%20-%20Vote%2006%20-%205PSPP%20-%20Health.pdf
https://www.westerncape.gov.za/node/1223
https://www.mdpi.com/journal/medicina
https://www.ncbi.nlm.nih.gov/books/NBK513298/
https://www.ncbi.nlm.nih.gov/books/NBK513298/
https://doi.org/10.1016/j.afjem.2018.07.004
https://emssa.org.za/wp-content/uploads/2017/10/SATS-Manual.pdf

Bibliography

Sweden: Department of Electrical Engineering, Chalmers University of Technology, 2025.
[Online]. Available: https://www.chalmers. se.

[40] W. Stassen, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Digitally, Mar. 2026.

[41] R. Holgate, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Mediclinic Stellenbosch Hospital Day Clinic, Mar. 2026.

[42] D. Youkee, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Department of Medicine, Neuroscience Institute, University of Cape Town, Mar. 2026.

[43] Trauma doctors at Tygerberg Hospital, Group interview, Interview by S. Borjesson Rintala
and T. Kvarnstrom, Tygerberg Hospital Trauma Unit, Cape Town, Mar. 2026.

[44] P. Naidoo, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Heart Stroke Foundation South Africa, main office, Cape Town, Mar. 2026.

[45] A. Bryer, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Department of Medicine, Neuroscience Institute, University of Cape Town, Mar. 2026.

[46] M. Poluta, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Digitally, Mar. 2026.

[47] S. Sivarasu, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
University of Cape Town, Mar. 2026.

[48] K. Hall, Personalinterview, Interview by S. Borjesson Rintala and T. Kvarnstrom, Impulse
Biomed office in Cape Town, Mar. 2026.

[49] Health Research Ethics Committee, Stellenbosch University, Hrec new protocol applica-
tion: Guidance and instructions for researchers, Health Research Ethics Committee guid-
ance document, Stellenbosch University, South Africa. Available at: https://files.su.ac.za/public/ethics/do
10/hrec-new-protocol-application-guidance-researchers.pdf, Jun. 2022.

[50] M. Nieuwoudt, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Digitally, Mar. 2026.

[51] Department of Health, Republic of South Africa, South african good clinical practice:
Clinical trial guidelines, third edition, Guideline document, Department of Health; South
African Health Products Regulatory Authority (SAHPRA) and National Health Research
Ethics Council (NHREC). Available: https://www.sahpra.org.za/wp-content/uploads/2021/06/SA-
GCP-2020rinal.pdf, Jun. 2020.

[52] V. Kandi and S. Vadakedath, “Clinical trials and clinical research: A comprehensive
review,” Cureus, vol. 15, no. 2, €35077, 2023. por: 10.7759/cureus. 35077.

[53] National Institutes of Health, Nih clinical research trials and you: The basics, https:
//www .nih.gov/health-information/nih-clinical - research- trials-
you/basics, Accessed: 2026-04-29, 2026.

[54] M. S. Setia, “Methodology series module 1: Cohort studies,” Indian Journal of Derma-
tology, vol. 61, no. 1, pp. 21-25, 2016. por: 10.4103/0019-5154.174011.

57


https://www.chalmers.se
https://doi.org/10.7759/cureus.35077
https://www.nih.gov/health-information/nih-clinical-research-trials-you/basics
https://www.nih.gov/health-information/nih-clinical-research-trials-you/basics
https://www.nih.gov/health-information/nih-clinical-research-trials-you/basics
https://doi.org/10.4103/0019-5154.174011

Bibliography

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

58

M. Brandt, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Café in Somerset West, Mar. 2026.

C. Hendrikse, Personal interview, Interview by S. Borjesson Rintala and T. Kvarnstrom,
Emergency Medicine Division, University of Cape Town, Mar. 2026.

H. van Voorst, W. G. Kunz, L. A. van den Berg, and M. C. R. investigators, “Quantified
health and cost effects of faster endovascular treatment for large vessel ischemic stroke
patients in the netherlands,” Journal of Neurolnterventional Surgery, vol. 13, pp. 1099—
1105, 2021. por: 10.1136/neurintsurg-2020-016763.

W. G. Kunz et al., “Public health and cost consequences of time delays to thrombectomy
for acute ischemic stroke,” Neurology, vol. 95, no. 18, e2465-e2475, 2020. por: 10.
1212 /WNL.0000000000010867.

National Institute of Neurological Disorders and Stroke, Traumatic brain injury (tbi),
https://www.ninds.nih.gov/health-information/disorders/traumatic-
brain-injury-tbi, Accessed: 2026-04-29, 2026.

S. Hayashi, T. Kamo, and R. Momosaki, “Effectiveness of early rehabilitation interven-
tions in patients with traumatic brain injury using a large database,” PM&R, vol. 17, no. 2,
pp- 170-177, 2025. por: 10.1002/pmrj.13243.

M.-C. Fan et al., “Early intensive rehabilitation for patients with traumatic brain injury:
A prospective pilot trial,” World Neurosurgery, vol. 137, e183—188, 2020, 1ssn: 1878-
8750. por: 10.1016/j .wneu.2020.01.113. [Online]. Available: https: //www.
sciencedirect.com/science/article/pii/S1878875020301315.

I. P. Edoka and N. K. Stacey, “Estimating a cost-effectiveness threshold for health care
decision-making in south africa,” Health Policy and Planning, vol. 35, no. 5, pp. 546-555,
2020. por: 10.1093/heapol/czz152.


https://doi.org/10.1136/neurintsurg-2020-016763
https://doi.org/10.1212/WNL.0000000000010867
https://doi.org/10.1212/WNL.0000000000010867
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://doi.org/10.1002/pmrj.13243
https://doi.org/10.1016/j.wneu.2020.01.113
https://www.sciencedirect.com/science/article/pii/S1878875020301315
https://www.sciencedirect.com/science/article/pii/S1878875020301315
https://doi.org/10.1093/heapol/czz152

Department of Electrical Engineering
CHALMERS UNIVERSITY OF TECHNOLOGY

Gothenburg, Sweden

www.chalmers.se

TN
CHALMERS

UNIVERSITY OF TECHNOLOGY


www.chalmers.se

	List of Acronyms
	List of Figures
	List of Tables
	Introduction
	Background
	Stroke
	Ischaemic stroke
	Haemorrhagic stroke
	Stroke treatment
	Stroke in Africa

	Traumatic brain injury
	Strokefinder MD100
	Health economy
	Healthcare in South Africa
	Public healthcare
	Private healthcare
	Emergency medical services
	Triage scales


	Purpose
	Goals
	Limitations

	Method
	Literature study
	Preparations for South Africa
	Interviews
	Selection of interview participants
	Interview technique
	Interview procedure

	Observations
	Data analysis

	Results
	Healthcare system factors related to the clinical trials
	Stroke and TBI workflows
	Attitude towards research and trials
	Perspectives on desired stroke and TBI care pathway

	Conducting trials in South Africa
	Regualtory process for clinical trials
	Frameworks guiding clinical trials

	Sponsors
	Clinical trials in private versus public healthcare sectors
	Study design
	Stakeholders and roles in clinical trials
	Possible use cases and implementation sites
	Possible clinical study sites

	Possible challenges
	Organisational and resource-related challenges
	Ethical and regulatory consierations
	Delayed consent and post-trial access

	Economic evalutation
	Proposal of clinical study site and design


	Discussion
	Key considerations for clinical trial design
	Proposed clinical study design
	Suggested clinical study sites
	Human and organisational factors influencing trial feasibility

	Limitations
	Health economy
	Ethical considerations

	Conclusion
	Bibliography

