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ABBREVIATIONS

AIDS — Acquired Immune Deficiency Syndrome

AIS — Arterial Ischemic Stroke

AVM - Arterial Venous Malformation

CPISR — Canadian Paediatric Ischaemic Stroke Registry
CT scan — Computed Tomography Scan

CVD — Cerebral Vascular Disease

CVST — Cerebral Venous Sinus Thrombosis

HIV — Human Immunodeficiency Virus

ICD — International Classification of Diseases

KNH — Kenyatta National Hospital

MRA — Magnetic Resonance Angiography

MRI — Magnetic Resonance Imaging

MRV — Magnetic Resonance Venography

SAH — Subarachnoid Haemorrhage

SCD - Sickle Cell Disease

TOAST — Trial of ORG 10172 in Acute Stroke Treatment

WHO — World Health Organization



DEFINITION OF TERMS

Cerebral Venous Thrombosis: Acute onset of systemic or focal neurologic symptoms
consistent with a blood clot in the venous sinuses of the brain and neuro-imaging evidence of

thrombosis within cerebral veins or venous sinuses®

Childhood stroke: Stroke occurring in patients aged between thirty (30) days and eighteen
(18) years’

Disability: Impairment of function to below the maximal level for the individual, either

physically or mentally.

Haemorrhagic stroke: Acute focal neurologic deficit lasting more than 24 hours with neuro-

imaging evidence of intracranial haemorrhage.®

Ischemic stroke: Acute focal neurologic deficit lasting more than 24 hours with neuro-

imaging evidence of cerebral infarction.®

Outcome: Defined in this study as whether the impairments interfere with the child’s daily
activities. In good outcome there is no impairment whereas in poor outcome there will be

impairment of the child’s age appropriate activities of daily life.

Stroke: Rapidly developing clinical signs of focal (or global) disturbance of cerebral
function, lasting more than 24 hours or leading to death, with no apparent cause other than

that of vascular origin.*

Subarachnoid haemorrhage: Non-traumatic (or spontaneous) haemorrhage into the
subarachnoid space, e.g. secondary to ruptured cerebral aneurysm or arteriovenous

malformation.®



ABSTRACT

Background: Cerebral Vascular Diseases (CVDs) in childhood are an important cause of
morbidity and mortality. They also have a significant financial impact on the families of the
survivors. Most population based studies on childhood CVDs have been conducted in Europe
and North America. However, little is known about cerebral vascular diseases in Sub-Saharan
African children yet the risk factors, genetic predisposition and environmental context differs
widely limiting replicability.

Objectives: The study aimed to describe the clinical profile of children aged 1 month to 18
years with cerebral vascular disease, their outcomes and to correlate the clinical outcomes

with the major types of CVDs.

Methodology: This was a retrospective cohort study carried out at Kenyatta National
Hospital (KNH) among children aged one month to eighteen years diagnosed with CVDs
between October 2013 and April 2016. Data was collected from the health records
department by reviewing patient files. This included the demographic data (age, sex), initial
presentation, risk factors and outcome. Outcomes of interest included length of hospital stay,
time from admission to diagnosis, presence of recurrent stroke, presence of residual
impairment and mortality. Categorical data was summarized into percentages while
continuous variables analysed and presented as means or medians where applicable. Type
and cause of cerebral vascular disease was associated with clinical outcomes using Chi
square test of associations for categorical outcomes and Student’s t test for comparison of
means for the continuous outcomes. Statistical tests were interpreted at 5% level of
significance (p value less or equal to 0.05) and findings presented in form of tables, graphs

and charts.

Results: A list of 145 files was identified. Eighty five (85) were included in the study. The
median age was six (6) years (IQR 3.1-10.0) with a male: female ratio of 1.24:1. There were
47 (55.3%) males and 38 (44.7%) females. The most common clinical presentations included
seizures (37; 43.5%), weakness (35; 41.2%), headaches (18; 21.2%) and altered
consciousness (18; 21.2%). Sickle cell disease and intracranial infections were identified as
the main risk factors at 22 (25.9%) and 20 (23.5%) respectively. Ischaemic stroke was the

most commonly identified type of cerebral vascular disease (CVD) (57; 67%) followed by

Xi



haemorrhagic stroke (21; 25%). Subarachnoid haemorrhage and cerebral venous sinus

thrombosis were the least common types of CVD; 6(7%) and 1 (1%) respectively.

The clinical outcomes of children with CVDs were as follows: mean length of hospital stay
was 15 days and median duration from admission to diagnosis was 2 days (interquartile range
0-6.5).Fifteen (15) of the total 85 died (17.6%). Of those who were alive (70; 82.4%), 6
(8.6%) had recurrent stroke and 56 (80%) had residual impairment. Majority had weakness as

a residual impairment (25; 44.6%).

Conclusion: Ischemic stroke was the most common type of cerebral vascular disease with
Sickle Cell Disease and intracranial infections identified and the major risk factors. Many of
the patients had multiple clinical presentations but seizures and weakness were the most
common. In those with residual impairment, weakness was the most prevalent. There was
17.6% mortality.

xii



1. INTRODUCTION

1.1 Introduction and Classification of Cerebral VVascular Diseases
Cerebral Vascular Diseases are defined as heterogeneous group of vascular disorders that
result in brain injury. These result from disruption of cerebral blood flow either as a result of

vessel luminal obstruction or vessel rupture.

Cerebral vascular diseases are classified as cerebral vascular accidents (stroke), subarachnoid
haemorrhage and cerebral venous sinus thrombosis (CVST). Stroke is either ischemic or
haemorrhagic. The World Health Organization (WHQO) in 1977 defined stroke as rapidly
developing clinical signs of focal (or global) disturbance of cerebral function, lasting more
than 24 hours or leading to death, with no apparent cause other than that of vascular origin.*

This definition included ischaemic and haemorrhagic stroke.

Ischemic stroke is further sub-classified into various subtypes as per the Trial of ORG 10172
in Acute Stroke Treatment (TOAST) classification.” The TOAST classification denotes five

sub types of ischemic stroke?:

1. Large-artery atherosclerosis (embolus / thrombosis)
2. Cardioembolism (high-risk / medium-risk)

3. Small-vessel occlusion (lacunae)

4. Stroke of other determined aetiology

5. Stroke of undetermined aetiology

1.2 Vascular Anatomy of the Brain and Pathophysiology of CVDs

The brain is supplied by the carotid artery (mainly internal carotid) and the vertebral-basilar
arteries. The internal carotid artery branches into anterior and middle cerebral arteries while
the posterior cerebral artery emerges as a branch of the vertebral-basilar artery. The anterior,
middle and posterior cerebral arteries are interconnected by the anterior and posterior

communicating arteries to form the Circle of Willis.?

The anterior three-fifths of cerebrum is supplied by the internal carotid arteries, except for
parts of the temporal and occipital lobes. The vertebral-basilar arteries supply the posterior

two-fifths of the cerebrum, part of the cerebellum, and the brain stem.®



Figure 1 shows arterial blood supply to the brain.

Figure 1: Cerebral arterial blood supply
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Cerebral venous drainage is divided into superficial and deep. In the superficial venous
drainage, the cerebral hemispheres are drained by small venous structures in the pia mater.
These form cerebral veins which traverse the subarachnoid space and drain into endothelial-
lined sinuses within the dura mater. Most of these vessels eventually drain into the superior
sagittal sinus, which joins the straight sinus and transverse sinus at the occiput to form the
confluence of sinuses. From here, two transverse sinuses bifurcate and travel laterally and

inferiorly and form the sigmoid sinuses which drain into the two jugular veins*

The deep venous drainage is made up of deep cerebral veins found within the deep structures
of the brain, which join to form the vein of Galen. This vein merges with the inferior sagittal
sinus to form the straight sinus which then joins the superficial venous system at

the confluence of sinuses.* Figure 2 demonstrates venous drainage of the brain.



Figure 2: Cerebral venous drainage

Superior sagittal sinus Superior anastomotic
vein of Trolard

Inferior anastomotic
vein of Labbé

Caudal end of
cerebrum

Rostral end of
cerebrum

Straight sinus

Confluence of sinuses

L
(

z o
< (IREEAST
\ 2 \:.—.vg&;,-

NS

Occipital sinus
Superficial middle

cerebral vein ;
Transverse sinus

Internal jugular vein . —
B Hgwarve Sigmoid sinus

A: Lateral aspect

Superior sagittal sinus Inferior sagittal sinus

Confluence of sinuses

Transverse sinus

Occipital sinus
Internal cerebral vein

Basal vein of

Rosenthal 4
Great vein

of Galen

B: Medial aspect
1.3 Pathophysiology of Stroke

1.3.1 Pathophysiology of ischaemic stroke
Ischaemic stroke occurs as a result of reduction or complete blockage of blood flow to a brain
region. This may be either thrombotic or embolic. Normal cerebral blood flow is 50-

60ml/100gm of brain tissue per minute. When cerebral blood flow falls to about 20-



25ml/100g of brain tissue per minute there is resultant ischaemia to the affected area. At this
point, the tissue remains metabolically active but there is loss of electrical activity. Cerebral
autoregulatory mechanisms compensate for the reduction in cerebral blood flow in response
to ischaemia by local vasodilatation, opening of collaterals, and increasing the extraction of
oxygen and glucose from the blood. This occurs to maintain normal tissue oxygen and
glucose concentrations. If perfusion is not restored rapidly or if cerebral blood flow falls to
less than 16ml/100g of brain tissue per minute permanent damage occurs (infarction). The
area of infarction is known as umbra (core) whereas the tissue surrounding the infarcted area
is referred to as the ischemic penumbra (border). Anaerobic respiration ensues with
production of lactic acid which is toxic to cerebral cells. An ischaemic cascade follows with

eventual tissue necrosis or apoptosis.”

1.3.2 Pathophysiology of haemorrhagic stroke
Haemorrhagic strokes usually occur due to vessel rupture with resultant compression of brain
tissue from an expanding haematoma. This results in cerebral tissue injury. The pressure may

also lead to reduced blood supply to affected tissue with resulting infarction.

Intracerebral haemorrhage results from small vessel rupture with bleeding into the brain
parenchyma. This is commonly the result of blood vessel damage from chronic hypertension,
vascular malformations, or the use medications associated with increased bleeding rates, such
as anticoagulants, thrombolytics and anti-platelet agents.

Subarachnoid haemorrhage is the gradual collection of blood in the subarachnoid space of the
brain dura. Non-traumatic subarachnoid haemorrhage typically results from rupture of
cerebral aneurysms which may be congenital (absence of media of artery wall) or acquired

(hypertensive).?

1.3.3 Pathophysiology of cerebral venous sinus thrombosis

Thrombus formation in the venous sinuses may occur following prothrombotic disorders,
connective tissue disorders, dehydration, head and neck infections, haematologic disorders,
procoagulant drugs and malignancies. This leads to obstruction of venous drainage.
Continued enlargement of the thrombus can lead to increased venous pressure, increased
intracranial pressure and cerebral oedema. If left untreated, intracranial pressure continues to

rise and eventually compromises vascular supply leading to ischaemia and infarction.’



1.4 Incidence of Cerebral Vascular Diseases

Stroke is ranked among the top ten (10) causes of mortality in children in the United States®
and is an important cause or long term morbidity with a high financial implication’.Cerebral
Vascular Diseases in children were initially considered very rare, possibly attributable to low
index of suspicion by clinicians and subtle symptoms that may mimic other illnesses leading
to missed or delayed diagnosis. However, the overall incidence of CVDs has been rising over
the years with rates ranging from 1.2 to 13 cases per 100,000 of the population®** This rise
has majorly been attributed to improved imaging**and also increased survival of children
with risk factors for CVDs such as those with congenital heart diseases and sickle cell

anaemia.

Childhood CVDs have not been studied as extensively as in the adult population but the
subject is gaining interest worldwide. Most population based studies have been done in
Europe and North America. There are very few studies are available on childhood CVDs in
Sub Saharan Africa.

One study conducted by Ogeng’o et al at Kenya’s National Referral Hospital (KNH) in 2008
revealed that paediatric stroke in the Kenyan population is not uncommon. This study was
carried out between January 2004 and December 2008. Out of 712 cases of stroke admitted
during the study period, they found that 32 were paediatric'> The estimated prevalence was
16/100,000 of the population which is slightly higher than the 1.2 to 13 cases per 100,000

quoted in the European and North American studies®**

2. LITERATURE REVIEW

2.1 Risk factors of Cerebral Vascular Diseases in the Paediatric Population

Risk factors of childhood cerebral vascular diseases are widespread and vary depending on
geographical location. Cardiac disease is the commonest risk factor for arterial ischaemic
stroke especially the cyanotic congenital heart diseases such as Tetralogy of Fallot. A Patent
Foramen Ovale may allow for venous embolic events to pass from the right to left side of the
heart with thrombo-emboli to the brain leading to ischaemic stroke. Coarctation of the aorta
is sometimes associated with cerebral aneurysms which can predispose to haemorrhagic
stroke. Cardiomyopathies (especially dilated cardiomyopathy), rheumatic heart disease,

prosthetic valves, or valvular vegetation from endocarditis may lead to embolic clots with



resultant arterial ischaemic stroke. Treatment of cardiac diseases with cardiac catheterization
may also result in arterial ischaemic stroke in children.®

Other risk factors include haematological disorders (like sickle cell anaemia, Protein C and S
deficiency and Factor VII and VIII deficiency leading to intracerebral haemorrhage),
infections (such as varicella, Human Immunodeficiency Virus/ Acquired Immune Deficiency
Syndrome (HIV/AIDS), bacterial meningitis, tuberculous meningitis, malaria etc.), Moya-
moya disease (a chronic, non-inflammatory occlusive intracranial vasculopathy of unknown
cause) vasculitis and malignancies e.g. acute leukaemia. Arteriovenous malformations are the
commonest cause of haemorrhagic stroke. Cerebral Venous Sinus Thrombosis development
is associated with head and neck infections, dehydration, perinatal complications, and
coagulation disorders.? 1

Bibi et al studied childhood CVDs over a 2 year period in Pakistan. Of the forty six (46)
children, infectious causes were the most prevalent risk factor. Intracranial infections were
diagnosed in 31(67.39%) children: 20 (43.4%) had meningo-encephalitis, 2 (4.34%) had
bacterial meningitis, 3 (6.52%) had tuberculous meningitis, 3(6.52%) had pertussis
encephalopathy, 2 (4.34%) had mumps encephalitis and 1 (2.17%) had cerebral malaria.
Microcytic hypochromic anaemia was a risk factor in 28 (60.86%). Cardiac diseases were
identified in 4 (8.69%), hypernatremic dehydration in 3 (6.52%) and congenital
cerebrovascular anomalies in 2 (4.34%). Only 1 (2.17%) patient had stroke due to
hypertensive encephalopathy secondary to acute glomerulonephritis and 4 (8.69%) patients

had no identifiable risk factor.'’

In Hong Kong, an 11 year study by Chung and Wong noted that complications related to
congenital heart diseases (n=15, 30%) was the leading cause of cerebral vascular disease
among the 50 patients included in the study. This was followed by hematologic diseases
(n=14, 28%) and vascular diseases (n=13, 26%). Six (6) cases had no determined causes and

1 had a metabolic cause =

2.2 Clinical Presentation

Clinical presentation varies depending on the age of the child, type of cerebral vascular
disease and affected vascular territory. In arterial ischaemic stroke, toddlers and older
children typically present with acute focal neurologic deficit, e.g. hemiplegia. This may or

may not be preceded by seizures. Children with CVST may present with lethargy, nausea,



vomiting, headache, seizures, altered level of consciousness or hemiparesis. On physical
examination, dilated scalp veins, eyelid swelling or a large anterior fontanelle may be noted.
An older child with haemorrhagic stroke will complain of headaches, vomiting or altered
level of consciousness. Children less than one year are likely to have more non-specific
symptoms such as lethargy, difficulty in feeding, irritability and apnoeic spells. Subarachnoid
haemorrhage can also present as irritability and a bulging fontanelle in infants and the older
children would complain of sudden acute onset headache, neck pain, meningismus or
photophobia.'® 8

The clinical presentation also varies depending on the affected vascular territory. Middle
cerebral artery involvement would present as hemiplegia with upper limb predominance,
hemianopia or dysphasia. Anterior cerebral artery involvement would present primarily with
lower extremity weakness. Presence of vertigo, ataxia and nystagmus would suggest
involvement of the posterior circulation. Bulbar dysfunction and dysarthria would suggest
involvement of the lower brainstem whereas aphasia suggests involvement of the basal
ganglia, thalamus or cerebral hemispheres.*®

In Bibi et al’s study among 46 children, 37 (80.43%) presented with weakness, 33 (71.73%)
had hemiparesis or hemiplegia and 4 (8.69%) had monoplegia. Signs and symptoms of raised
intracranial pressure was a noted clinical presentation in 31 (67.39%) children. Twenty eight
(60.86%) presented with seizures, 26 (56.52%) presented with fever, 12 (26.08%) had cranial
nerve involvement, 5 (10.86%) were aphasic and 10 (21.73%) presented in a comatose

state.!’

Chung and Wong in Hong Kong noted that the most common presentations were seizures
(52%) and hemiplegia (34%) among the 50 subjects. Other presenting features included
headaches (22%), decreased consciousness (30%), visual field defects (12%), dysphasia
(10%) and lethargy (8%).*®

2.3 Clinical Outcome after Childhood CVDs

Cerebral vascular diseases in childhood cause significant morbidity and mortality. Data from
the Canadian Paediatric Ischaemic Stroke Registry of 2002 which included 402 children with
AIS and 160 children with CVST showed that 27% of children were neurologically normal,
61% had neurological abnormalities, 21.6% had a stroke recurrence and 12% had died by the

outcome evaluation period. The following factors were associated with poor outcome: neuro-



imaging abnormalities, seizures at presentation and infarct volumes greater than 10% of

intracranial volume. There was a 20%-40% chance of stroke recurrence.’

A study conducted by Ganesan et al at Great Ormond Street Hospital, London between 1990
and 1996 aimed at describing the outcome of children with ischaemic stroke. The children
were aged between 3 months and 15 years and the follow up period ranged between 3 months
and 13 years. Out of the 128 children reviewed, information on outcome was only available
for 105 (82%). Good outcome was reported in 37 children (40%) and poor outcome in 53
(60%). Poor outcome in this study was defined according to whether impairments interfered
with daily life whereas good outcome was defined as having no impairments. Younger age at
time of the stroke was related to a more adverse outcome. Four children (4%) were not able
to walk at the time of follow-up and 38 children (42%) had speech and language difficulties.
59% of the children were reported by parents to need help relative to their peers in the school

environment. There was no residual impairment in 13 children (14%) **

A retrospective study was conducted by Tham et al in Singapore between October 1999 and
May 2006 to highlight the factors predictive of outcome after childhood stroke. Twenty six
(26) children were included in the study. Only 1 child was seen as an outpatient and the rest
were admitted. Of the 25 inpatients, 16 (64.0%) had neurological deficits at discharge noted
as hemiparesis in 12 children (48%), visual disturbances in 5 (20%), seizures in 4 (16%),
speech difficulties in 4 (16%), ataxia in 3 (12%) and swallowing difficulties in 3 children
(12%).

In terms of long-term outcome, majority were asymptomatic at follow-up. Two children
(10%) had significant neurological impairment, while 6 (30%) had mild functional handicap.
Two had severe neuropsychological problems (2/17, 11.8%) at follow-up and 2 children
(2/17, 11.8%) had mild schooling difficulties.

On assessment for independence, 1 child (1/13, 7.7%) had moderately severe disability and
required significant assistance with activities of daily living (grade 4 disability), while
another child (1/13, 7.7%) required some assistance managing personal affairs (grade 3
disability). One child (3.8%), who had Moyamoya disease, had an ischaemic stroke
recurrence 15 years after her initial one. There were no deaths directly resulting from strokes
in this study population. %°



3. STUDY JUSTIFICATION AND UTILILTY

There is not much data on cerebral vascular diseases in children. Most population based
studies have been carried out in Europe and North America with very little data from Africa.
This is despite the fact that cerebral vascular diseases cause significant morbidity and
mortality and prompt identification and timely management can significantly improve

outcome.

The purpose of this study was to profile the children with cerebral vascular diseases in our set
up and identify their characteristics and outcomes. This in essence would highlight the fact
that cerebral vascular diseases do occur in children and therefore increase the index of
suspicion among healthcare workers in a bid to improve diagnosis, timely intervention and
outcome. This study will provide baseline information on cerebral vascular diseases in
Kenyatta National Hospital and hopefully open doors to further research on cerebral vascular

diseases in the Kenyan paediatric population.



4. RESEARCH QUESTION

What is the clinical profile and outcomes of children aged 30 days to 18 years presenting with

cerebral vascular disease at Kenyatta National Hospital?

5. RESEARCH OBJECTIVES

5.1 Primary Objective
e To describe the profile of children age 30 days to 18 years presenting with and/or on
follow up for cerebral vascular disease at Kenyatta National Hospital between 1%
October 2013 and 30" April 2016

5.2 Secondary Objectives
e To describe the clinical outcome after cerebral vascular event

e To compare the clinical outcome with type of cerebral vascular disease

Clinical outcomes of interest to be studied included length of hospital stay, mortality, time
from admission to diagnosis, history of stroke recurrence and presence of residual

impairment.

The study period between October 2013 and April 2016 was chosen based on the following

reasons:

e The computerised health record information systems crashed and data prior to
October 2013 was unavailable.

e The process of getting files from the wards to the Health Records Department takes
roughly two months and at the time of data collection, data was only available up to
April 2016.

10



6. RESEARCH METHODOLOGY

6.1 Study Design

This was a Retrospective Cohort Study.

Given that cerebral vascular diseases are of relatively low incidence in our set up, a

retrospective cohort design was considered the most suitable design for this study.

6.2 Study Site

The study was conducted at Kenyatta National Hospital mainly from the Health Records
Department. Kenyatta National Hospital is located in Nairobi, Kenya. It is the county’s
national referral hospital. It serves as a teaching hospital for the University of Nairobi (UoN)
College of Health Sciences. It has a total bed capacity of 1800 beds and approximately
40,000 annual paediatric admissions.

It is one of the three public hospitals in Nairobi (the other two being Mbagathi Hospital and
Mama Lucy Kibaki Hospital). It was chosen given its vast catchment area, presence of

specialists and its referral status.

The Health Records Department is located on the ground floor of Kenyatta National Hospital.
Once a patient is discharged from the wards, the files are collected by the Records Clerk
assigned to each ward and taken to the Health Records Department. Here, the files are then
manually coded according to the ICD-10 codes based on the diagnosis indicated on the
discharge/ death summary. Once the manual coding is complete, another clerk then inputs the
codes into their computer systems. This process can take anywhere between one and two
months. Anyone who needs to carry out research at this department can easily access the files

as long as they have approval from the Ethics and Research Committee.

6.3 Study Population
Children aged thirty (30) days to eighteen (18) years with cerebral vascular diseases

6.4 Inclusion Criteria
o Children aged thirty (30) days to eighteen (18) years presenting with or diagnosed to
have cerebral vascular disease at KNH between 1% October 2013 and 30" April 2016
(including those who were 30 days old to those who had not yet reached their 19"
birthday)

e Relevant information was available in the records. This information included:
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- Demographic data: age, sex, date of admission, date of discharge/ death
- Initial presentation
- Risk factors
- Diagnosis. Definitive diagnosis will be based on:
= Clinical presentation (e.g. headaches, convulsions, lateralizing signs) with
supporting evidence from neuro-imaging, either CT Scan brain, MRI/MRA
or MRV of the brain (demonstration of an infarct, bleed or thrombus)
= Post mortem findings where available (identification of an infarct, bleed or
thrombus).
Those with partially missing records but a definitive diagnosis could be made from

the available information

6.5 Exclusion Criteria

Children who do not fit the inclusion criterion for age.

Patients who were identified as having a CVD but noted not to have CVD upon
perusal of the patients file/ health records

Patients who were identified as having CVD but the records were completely
missing i.e. patients file not available for perusal to extract data

Patients who were identified as having CVD but available information from the
records was not enough to make a definitive diagnosis i.e. clinical findings were
available but with no supporting evidence from neuro-imaging or post mortem.
Patients who had traumatic aetiology for intracerebral haemorrhage, Sub-dural

haematoma and Extra-dural haematoma
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6.6 Sample Size Determination
Every patient meeting the inclusion criteria admitted or on follow up at Kenyatta National

Hospital between the specified time periods was included in the sample.

Due to lack of such studies a definite sample size could not be calculated. However, from a
preliminary review done at the health records department the estimated minimum sample size
for the study was set at one hundred (100). Forty (40) patients were admitted with cerebral
vascular diseases in 2014, extrapolated to 80-100 patients for the study period. Using the

estimated sample size, the estimated precision of the study was determined as follows:

Using data from the Great Ormond Street Hospital, London study by Ganesan et al: *’

- n=2"p(1-p) d= | ’p(1-p)
d? n
* n = estimated minimum sample size
» z =standard normal deviate for 95% confidence interval (= 1.96)

* p = percentage of those with disability from Great Ormond Street Hospital, London
study (60%)

» d=degree of precision

« 100=1.96x1.96x 0.6(1-0.6 )

d2

. ﬁ1.96x1.96x0.6 (1-0.6) = 0.096 ~ 0.1 (10%0)
100
The degree of precision would vary depending on the sample size achieved as in Table 1.

Table 1: Sample Size Chart

Estimated sample size 60 80 100 120 | 140 |160 |180 |200

Degree of precision 0.16 |0.107 |0.096 |0.088|0.081 | 0.076 | 0.072 | 0.068
16% | 10.7% | 9.6% |8.8% |8.1% | 7.6% | 7.2% | 6.8%

For this study, the minimum sample size was set at 80.
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6.7 Patient Recruitment Procedure

Files of patients with CVDs were retrieved from Health Records Department. These were
identified using appropriate International Classification of Diseases (ICD) 10 codes for
CVDs. ICD-10 codes are indicated in Appendix 2. Retrieval of the files was done by the staff

members at the health records department.

Synonyms for CVDs were also used to ensure maximal identification of patients and also
capture those patients with CVDs but not classified as having CVD. These included stroke,
cerebrovascular accident, intracranial bleed, cerebrovascular insult, hemiparesis and

hemiplegia.

Mortality files were also retrieved. These are stored in a different section at the health records

department, separate from those of inpatients or outpatients.
The appropriate codes were then submitted to the health records department.

Once the files were retrieved, information on age, sex, risk factor and clinical presentation
was extracted from all the files using the data collection tool in Appendix 3. Information on
time from admission to diagnosis was obtained by noting the date of admission and the date
when neuro-imaging was performed. For those who were alive, the files were perused until
the last entry during follow-up after discharge to obtain information on residual impairment
or history of any repeat stroke. Information on residual impairment was obtained from the

clinicians notes recorded during the follow-up visits.

Retrieval of this information was done at the Health Records Department in a particular room

allocated to researchers. Data abstraction was carried out by the Principal Investigator.

To ensure protection of records, files were not allowed to be removed from the health records
department. Files were retrieved in small batches of between ten (10) to twenty (20) files to
minimise disruption of services for active patients. The above process is represented as a

flowchart in Figure 3.
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Figure 3: Patient Recruitment Procedure

Identification of relevant ICD-10 codes for cerebral vascular diseases

Submission of codes to health records department

Retrieval of files including mortality files by the team at the health records
department

Extraction of information on age, sex, risk factor and clinical presentation from
the files by principal investigator

Perusal of patient's follow up notes till the last entry to obtain information on
residual impairement and recurrent stroke

6.8 Data Management and Analysis

After retrieving the files from the Health records Department at KNH, the relevant
information was collected by the principal investigator using the data collection sheet
(Appendix 3). Data was then coded and entered in Statistical Products and Service Solutions
(SPSS) version 21.0 software for analysis. The profile of the population was described using
demographic, presenting and risk factor characteristics. Clinical outcomes of cerebral
vascular event was measured using mortality rate, length of hospital stay in days and time
from admission to diagnosis. Diagnosis was based on clinical features and neuro-imaging
results demonstrating cerebral vascular disease. Categorical data was summarized into
percentages while continuous variables analysed and presented as means or medians where
applicable. Chi square test was used to associate mortality with the type of stroke. Statistical
tests were interpreted at 5% level of significance (p value less or equal to 0.05). Study

findings were presented in form of tables, graphs and charts.

7. ETHICAL CONSIDERATION

Permission to conduct this study was sought from the Department of Paediatrics and Child
Health, University of Nairobi. Ethical approval was then sought from Kenyatta National
Hospital and University of Nairobi Ethics and Research Committee (KNH/UON-ERC).
Given the retrospective nature of this study, individual consent was not required and waiver

for individual consent from KNH/UON-ERC was exempt because information was being
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collected from secondary data (reviewing of patients’ files). Questionnaires were coded to

protect patients’ privacy.
8. RESULTS

Using the ICD-10 codes for CVD, a list of 145 files was identified. A total of 60 files were

excluded as follows:

e Seventeen (17) files were misclassified as CVD. The misclassification was based on
errors in inputting the codes during computerization of the records. This information
was relayed to the team at the health records department and the codes were rectified.

e Ten (10) were excluded due to traumatic aetiology of CVD

e Twenty (20) did not fit the inclusion criteria for age. They were all above 18 years

e Thirteen (13) files were missing

Eighty five (85) met the inclusion criteria and data from these files was extracted and
analysed. Given the obtained sample size, the degree of precision for this study was 10.4%.

The above process is represented as a flowchart in Figure 4:

Figure 4: Study procedure

145 files identified

Excluded:
Missing - 13
Trauma - 10

>18 years - 20
Misclassified - 17

Included and Analysed:
85
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8.1 Baseline Characteristics

Table 2: Baseline Characteristics of Children with Cerebral VVascular Disease

Variable Frequency (%)
Gender

Male 47 (55.3)
Female 38 (44.7)
Age

1 month-1year 11 (12.9)
2-4 years 19 (22.4)
5-9 years 33 (38.8)
10-14 years 13 (15.3)
15-18 years 9 (10.6)
Median age (IQR) 6.0 (3.1-10.0)
Initial presentation

Seizures 37 (43.5)
Weakness 35 (41.2)
Headache 18 (21.2)
Altered consciousness 18 (21.2)
Nausea and vomiting 8 (9.4)
Irritability 3(3.5)
Crania nerve palsy 3(3.5)
Visual disturbance 2 (2.4)
Lethargy 1(1.2)
Aphasia 1(1.2)
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Table 2 represents the baseline characteristics of children with CVDs. The median age of
those included in the study was 6 years (Inter-quartile range 3.1-10.0) with a slight male
predominance, 47 (55.3%) compared to 38 (44.7%) females. The male to female ratio was
1.24:1. Children aged between 5 and 9 years made the largest proportion of those with CVDs.

The initial clinical presentations were varied. The majority of patients presented with seizures
at 43.5% (37 out of 85 patients) followed closely by weakness at 41.2% (35 out of 85
patients). Headaches and altered consciousness were also relatively common both at 21.2%
(each with 18 out of 85 patients). Of the 35 who presented with weakness, 2 had monoplegia,
1 had paraplegia, 8 had hemiparesis and 24 had hemiplegia.

The less common presentations included the following: 8 had nausea and vomiting (9.4%), 3
with irritability (3.5%), 3 with cranial nerve palsies (3.5), 2 with visual disturbance (2.4%), 1
with lethargy (1.2%) and 1 with aphasia (1.2%). Those with cranial nerve palsies all

presented with facial nerve palsy. Most of the patients had multiple clinical presentations.

8.2 Noted Risk factors of Children with Cerebral VVascular Disease

Table 3: Risk Factor Profile

Risk Factor Frequency (%)
Sickle Cell Disease 22 (25.9)
Intracranial Infections 20 (23.5)

Other Cardiac Disease 13 (15.3)
Congenital Heart Disease 9 (10.6)

Other Haematological Disorder 8(9.4)
Arteriovenous Malformation 8(9.4)

Other Vascular Disorder 2(2.4)

No Identified Risk Factor 2(2.4)
Substance Abuse 1(1.2)
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Table 3 demonstrates the risk factor profile of children with cerebral vascular disease. It was
noted that the most common risk factor was Sickle Cell Disease (SCD) at 25.9% (22 out of
85 patients) followed by intracranial infections at 23.5% (20 out of 85 patients)

Of those with intracranial infections, 12 out of 20 had bacterial meningitis (60%), 5 had
meningoencephalitis (25%), 1 had tuberculous meningitis (5%) and 2 were classified as
having other intracranial infections (10%) — 1 with cytomegalovirus (CMV) encephalitis in

the background of HIV and 1 with mastoiditis with intracranial spread.

Those classified as having other cardiac disease comprised 13 of the 85 patients, with
majority of them having dilated cardiomyopathy (8/13) and the rest with valvular heart
lesions (5/13) which were rheumatic. One patient with Marfan’s Syndrome had dilated

cardiomyopathy with intracardiac clots which led to a cardioembolic ischaemic stroke.

Patients with congenital heart disease comprised 9 out of the total 85, majority of whom had
Tetralogy of Fallot (7/9). Of the other two, one had Double Outlet Right Ventricle and the
other had Transposition of the Great Arteries and an Atrial Septal Defect, complicated by

Infective Endocarditis which was confirmed on Echocardiography.

Those with other haematological disorders were as follows: 2 had haemophilia, 2 had acute
myeloid leukaemia with thrombocytopenia, 1 had idiopathic thrombocytopenic purpura, 1
had Fanconi anaemia, 1 had acute lymphoblastic leukaemia with thrombocytopenia and 1 had
pancytopenia whose cause hadn’t yet been identified by the time they died. All these 8
patients had haemorrhagic stroke.

The other vascular disorders were both related to hypertension; one was secondary to renal
artery stenosis and the second had no identified cause of the hypertension despite being
adequately investigated.

Two (2) patients had no identified risk factor for their cerebral vascular disease and one (1)
patient had substance abuse as a risk factor —a 17 year old boy who abused alcohol, khat and

marijuana and developed spontaneous massive intracerebral bleed.
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8.3 Type of Cerebral vascular Disease

Ischaemic stroke was observed to be the most common of the cerebral vascular diseases at
67% (57/85) followed by haemorrhagic stroke at 25% (21/85). The least common were
subarachnoid haemorrhage (SAH) and cerebrovenous sinus thrombosis at 7% (6/85) and 1%

(1/85) respectively. Figure 5 illustrates the types of CVDs.

1%

® Ischaemic Stroke
®m Haemorrhagic Stroke
= Subarachnoid Haemorrhage

m Cerebrovenous Sinus
Thrombosis

Figure 5: Type of Cerebral Vascular Disease

8.4 Clinical Outcomes of Children with Cerebral Vascular Disease

The clinical outcomes studied included length of hospital stay, duration from admission to
diagnosis, presence of residual impairment and mortality. These results are represented in
Table 4. Children were admitted in hospital for an average of 15 days (SD) with a median

duration of 2 days from admission to diagnosis (inter-quartile range 0-6.5).

Fifteen (15) of the 85 patients died giving a 17.6% mortality. Only 6 (8.6%) had recurrent
stroke and all of them had SCD as a risk factor. Five (5) out of the 6 had only 1 repeat stroke
but 1 patient had a stroke recurrence 3 times.

In those who were alive, there was residual impairment in 56 of the 70 patients (80%) with
most patients having residual weakness (25, 44.6%), convulsions (11, 19.6%) and speech
difficulties (10, 17.9%). Out of the 25 with residual weakness, 2 had a monoplegia, 8 had
hemiparesis and 15 had hemiplegia.
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Table 4: Clinical Outcomes of children with Cerebral Vascular Disease

Variable Frequency (%o)
Mean length of hospital stay in days (SD) 15
Median duration from admission to diagnosis in days (IQR) 2.0 (0-6.5)
Outcome

Alive 70 (82.4)
Dead 15 (17.6)
History of more than one stroke (n=70)

Yes 6 (8.6)
No 64 (91.4)
Presence of residual impairment (n=70)

Yes 56 (80)
No 14 (20)
Residual impairment (n=56)

Weakness 25 (44.6)
Convulsions 11 (19.6)
Speech difficulties 10 (17.9)
Visual disturbance 8 (14.3)
Difficulty in reading 2 (3.6)
Behaviour change (hyperactivity) 1(1.8)
Delayed milestones 1(1.8)
Poor balance 1(1.8)
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8.5 Comparison of Mortality by Type of Cerebral Vascular Disease

Table 5: Mortality by Type of Cerebral Vascular Disease

Outcome
Variable Dead Alive OR (95% CI) P value
Ischaemic 6 (10.5) 51 (89.5) 1.0
Haemorrhagic 8(38.1) 13 (61.9) 5.2 (1.5-17.7) 0.008
Sub-arachnoid Haemorrhage 1(16.7) 5(83.3) 1.7(0.2-17.1) 0.652

Table 5 demonstrates a comparison between mortality and type of CVD. A total of 57

patients were recognized to have ischaemic stroke. Six (10.7%) died, with a calculated odds

ratio of 1. Having an ischaemic stroke did not affect the odds of mortality. Eight of the 21

patients with haemorrhagic stroke died, with a calculated odds ratio of 5.2 (95% CI = 1.5-

17.7). There were increased odds of death with haemorrhagic stroke. Of the total patients
with SAH, 1 died, with a calculated odds ratio of 1.7 (95% CI = 0.2-17.1) meaning that there

was also increased odds of death with SAH but not as high as it was with haemorrhagic

stroke.

Using ischaemic stroke as the baseline, a comparison was made between ischaemic and

haemorrhagic stroke and ischaemic stroke vs subarachnoid haemorrhage. Ischaemic vs

haemorrhagic stroke had a p-value of 0.008 which was significant whereas a comparison

between ischaemic stroke vs SAH had a p-value of 0.652 which was not statistically

significant.
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9. DISCUSSION

This study aimed at retrospectively looking at the clinical profiles and outcomes of children
with cerebral vascular diseases at Kenyatta National Hospital over a 2.5 year period (between
October 2013 and April 2016). The main finding noted was with regard to the risk factors. It
was noted during data collection that most of the risk factors were ailments. Only one patient
had substance abuse as a risk factor .The predominant risk factor in this study was Sickle Cell
Diseaseat 25.9% (22/85) followed closely by intracranial infections at 23.5% (20/85). In
Pakistan, Bibi et al noted intracranial infections as their most prevalent risk factor at 67%"’
while Chung et al from Hong Kong noted that their most prevalent risk factor was Congenital
Heart Disease at 30%.'° SCD was not noted as a risk factor in either of these studies. This

may be due to the fact that SCD is highly prevalent in our set up compared to theirs.

The clinical presentation of children with CVDs at KNH was varied. Although most of the
patients had multiple clinical presentations, majority presented with seizures at 43.5% (37/85)
and weakness at 41.2% (35/85). Headaches and altered consciousness was also common as a
presenting complaint at 21.2% for both (18/85). These findings showed some similarity to
those found in the studies done in Pakistan and Hong Kong. Bibi et al from Pakistan had
weakness and seizures as their most prevalent presentation at 80% (37 of 46 children) and
60.8% (28 of 46 children) respectively’’. Chung et al noted that their most common
presentation was seizures (52%), hemiplegia (34%) and headaches (22%)."

Of the 85 patients’ files reviewed, the median age was 6 years, with 55.3% and 44.7% being
male and female respectively. This gave a male to female ratio of 1.24:1. These findings were
similar to those found by Chung et al from Hong Kong in 2004. The mean age of the 50
children they studied over an 11 year period was 5.6 years with a male to female ratio of
1.27:1.8

With regard to the clinical outcomes, there was a considerable high mortality of 17.6%,
higher than the 12% concluded by the Canadian Paediatric Ischaemic Stroke Registry
(CPISR) of 2002. This difference may however be attributed to several factors such as a
difference in the risk factors (e.g. SCD more prevalent in Kenya) and possible better quality
of healthcare in Canada compared to Kenya. Recurrent stroke was seen in 6 (8.6%). The
CPISR reported a 20%-40% chance of stroke recurrence which is much higher than the

results we achieved.®
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Eighty per cent (80%) of patients had residual impairment, majority having residual
weakness (25, 44.6%), convulsions (11, 19.6%) and speech difficulties (10, 17.9%). These
results were comparable to data obtained by Tham et al from Singapore, who noted
hemiparesis in 12 out of 25 children (48%), seizures in 4 (16%) and speech difficulties in 4
(16%).%°

Univariate analysis was employed to compare type of stroke versus mortality. Those with
ischaemic stoke had the least mortality compared to those with either haemorrhagic stroke or
subarachnoid haemorrhage. Those with haemorrhagic stroke had increased odds of death
compared to those with ischaemic stroke (OR 5.2; 95% CI 1.5-17.7; p-value 0.008). Those
with SAH had slightly increased odds of dying compared to those with ischaemic stroke (OR
1.7;95% CI 0.2-17.1; p-value 0.652). This, however, was not statistically significant and may
be attributed to the fact that the sample size was small and a very small proportion was found
to have SAH.

This study highlighted that cerebral vascular diseases indeed cause significant morbidity
amongst children. Sickle Cell Disease and Intracranial infections came up as the most
common risk factors. Given this finding, more emphasis should be placed on these children in
terms of investigating risks of developing CVDs so as to start treatment early enough in a bid

to reduce residual impairment.
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10. STUDY STRENGTHS

This study highlighted the presence of cerebral vascular disease in children, a condition

thought not to affect children much, and its associated morbidity and mortality.

11. STUDY LIMITATIONS

The following study limitations were encountered:

e This being a retrospective study, a longer study period would have been favourable in
order to achieve a good sample size. However, the health information computer system at
the Records Department crashed with loss of all computed data between January 2008
and September 2013. This limited the study timeline chosen.

e A large number of files were excluded from the study due to misclassification. This was
due to errors during inputting of codes into the health records system noted after files
were retrieved. These errors were communicated to the team at the Health Information
Department and rectified.

e Several files were missing contributing to a significant amount of missing data which also
significantly affected the sample size.

e This being a retrospective study, there was heavy reliance on the availability and accuracy

of the medical records.

The exclusion of several files due to misclassification or missing files drastically affected the
sample size, with a final sample size of 85. However, efforts were made to reduce these
limitations including giving the team at the Health Records Department enough time to go
through the generated list to retrieve files that were missed during the first round of retrieval.

12. CONCLUSION

The following conclusions were made following data analysis:

- Sickle Cell Disease was the most common risk factor identified followed closely by
intracranial infections, particularly bacterial meningitis.

- Seizures were the most prevalent clinical presentation and weakness was the most
common residual impairment identified, particularly hemiplegia.

- The most common type of cerebral vascular disease identified was ischaemic stroke.
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There was relatively high mortality of 17.6% among the children with cerebral vascular

disease in this study.

13. RECOMMENDATIONS

Rigorous screening of all children with Sickle Cell Disease should be considered. This
would aim at early detection of those at risk of developing CVD and commencement of
appropriate preventive measures.

Aggressive management of intracranial infections should be done to prevent CVD and its
associated morbidity and mortality.

Accuracy should be observed by the team at the Health Information Department during

inputting of disease codes into their records system to avoid errors of misclassification.
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study involving review of medical records where no identifiers were collected and met the HIPAA
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15.2 APPENDIX 2: ICD-10 CODES FOR CEREBRAL VASCULAR DISEASES
Table 6: ICD-10 Codes for Cerebral Vascular Diseases

160 | Non-traumatic subarachnoid hemorrhage

161 | Non-traumatic intracerebral hemorrhage

162 | Other and unspecified non-traumatic intracranial hemorrhage

163 | Cerebral infarction

165 | Occlusion and stenosis of pre cerebral arteries, not resulting in cerebral infarction
166 | Occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction
167 | Other cerebrovascular diseases

168 | Cerebrovascular disorders in diseases classified elsewhere

169 | Sequelae of cerebrovascular disease
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15.3 APPENDIX 3: DATA COLLECTION SHEET
STUDY TITLE: CLINICAL PROFILE AND OUTCOMES OF CHILDREN WITH

CEREBRAL VASCULAR DISEASE AT KENYATTA NATIONAL HOSPITAL

SECTION 1

Study number
Date

Age (years)

Sex

Date of admission

Date of diagnosis

Date of discharge / death
Length of stay in hospital (days)

Time from admission to diagnosis (days)

SECTION 2
1. Age at initial presentation (years)

1. Male [ ]

2. Female [ ]

2. Initial presentation

1. Headache

. Weakness

. Seizures

. Altered consciousness

Lethargy

. Cranial nerve palsy (specify)

. Aphasia

2
3
4
5. lrritability
6
7
8
9

Nausea and vomiting

10. Visual disturbance

11. Other (specify)
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3. Risk factor

Sickle Cell Disease

Congenital Heart Disease

1

2

3. Other Cardiac Disease

4. Intracranial Infection
a. Bacterial meningitis
b. Meningoencephalitis
c. Tuberculous meningitis
d. Other (specify)

Haematological Disorder

Vascular Disorders

Arteriovenous malformation

o N o 0

Other (specify)

4. Type of CVD

1. Ischaemic stroke

Haemorrhagic stroke

2
3. Subarachnoid haemorrhage
4

. Cerebral venous sinus thrombosis

5. Diagnosis confirmed by

1. CT Scan

MRI

2
3. MRA/MRV
4

Post Mortem

6. Affected territory (if ischaemic or haemorrhagic stroke)

1. Cerebrum
a. Anterior cerebral artery
b. Middle cerebral artery

c. Posterior cerebral artery

2. Cerebellum

3. Brainstem
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7. Outcome

1. Alive 2. Dead
If alive, proceed to Section 3

SECTION 3: OUTCOMES IN PATIENTS WITH STROKE AND ARE ALIVE AT
TIME OF STUDY.

1. History of more than one stroke?

a. 1.Yes 2. No

b. If yes, how many?
1 2 3 >3

c. How long after the first episode?

<1 month 1-6 months 6-12 months <12 months

2. Is there any residual impairment?

a. 1.Yes 2. No

b. If yes, which one?
Weakness
Speech difficulties
Convulsions
Behaviour change
Difficulty in education

Visual disturbance

Ooooodl

Delayed milestones
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